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Jetton, Janice Hutchinson, Ed., D. Evaluating Problem
Solving 1In the Mathematics Currlculum: A Case Study.
(1991)> Directed by Dr. A. Edward Uprlichard. 266 pp.

The purpose of this evaluation case study was to
assess the current status of problem solving In a typlcal
mathematics curriculum, and to examine the process lnvolved
in the Iimplementation of the recommendations found Iin
NCTM’s Standard 1: Mathematics as Problems Solving.

During phase 1, preparing to evaluate, Indivlidual
interviews and self-reporting by teachers indicated that
the pre-existing mathematics curriculum was not providing
problem solving activities for students on a regular basis.
As a result, teachers began an Implementation period for
the recommendations of Standard 1, durlng which tlime
students were to engage In problem solving actlvitlies at
least once weekly, with Increasing frequency as the study
progressed until evéntually, problem solving was used as
part of the normal Instructlional process. In dolng so,
teachers attempted to provide activities for students which
allowed them to view mathematics in a more wuseful and
personal manner. The Implementation perliod for Standard 1
required nine weeks.

The last phase of the study, a post-implementation
perliod, consisted of a second set of Individual Interviews,
an Attitude Agssessment Survey administered to students and

follow-up focus group dlscusslions. Results were very



positive. Students reported that they enjoyed the
opportunity to explore and think for themselves, and
Indicated a bellef that they were learning more
mathematics. Teachers Indicated plans to continue problem
solving activities on a regular basis and to present new
material in this manner when possible. Overall, the
Implementation of the recommendations of Standard 1 was
successful. In addition, teachers reported numerous
factors which they belleve willl enhance/inhiblt

implementation of the NCTM Standards.
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CHAPTER I
INTRODUCTION

. Thls term denotes an
individual’s ablilities to explore, conjecture,
and reason logically, as well as the abllity to
use a varlety of mathematical methods effectively
to solve nonroutine problems. This notion |is
based on recognition of mathematics as more than
a collection of concepts and skills to be
mastered; It Includes methods of Investigating
and reasoning, means of communlcation, and
notions of context.’ In addltion, for each
individual, mathematical power Involves the
development of personal self-confidence.

The Natlional Council of Teachers of Mathematics,
1989, page iii.

Never before has our nation’s publlic school gaystem
been the object of such Intense scrutiny. Never before has
there been such public demand for accountabllity by schools
and teachers. Partlicularly durling the decade of the 1980s
the business community, the general public, and many
educators have realized the development of any country
depends on the intellectual development of Its people
(Costa, 1985). An explosion of sclentlfic and
technological knowledge has Increased prllc awareness of
the lmportance of mathematlcs educatlon In preparing young
people to llve and work In the soclety of the 1990s and
beyond <(Davis and Hersh, 1981; Paulos, 1988). The Natlonal

Council of Teachers of Mathematics (1989) In their



Pupll performance on standardlzed mathematics tesgts,
comparative results on international studies of
mathematics education, Increasing attrition from the
mathematics teachlng ranks, and the reasgsslgnment of
teachers not properly quallified to flll mathematics
teaching positions have raised concern about the
quality of the mathematics Instructlon belng given our
natlion’s youth (page 1).
These and other factors have caused many educators to
examine the exlsting gap between the reallty of mathematics
education in schools and classrooms across the contlnent
and the recommended standards of professional practice for
high-quality mathematics education for American students.

In a document entitled Currilculum and Evaluatlion
Standards for Schoo] Mathematics, NCTM (1989) has sald:
Historlcally, the purposes of secondary school
mathematics have been to provide students with
opportunities to acquire the mathematical knowledge,
skill, and modes of thought needed for dally 1lfe and
effective cltlizenship, to prepare students for
occupations that do not require formal study after
graduation, and to prepare students for postsecondary
education, particularly college (page 123).
However, none of these goals are being achleved
successfully. A new awareness of mathematics education is
rapidly causing many professionals to conclude that all
gtudents need to learn more, and often dlfferent,
mathematicg and that the current mathematics curricula must

be sgignificantly revised. Regearch by the National



Research Council and others has shown that most students
cannot learn mathematics effectively by only listening and
imitating; yet most teachers continue to teach mathematlcs
Just this way. Most teachers teach as they were taught,
not as they were taught to teach. Mathematics continues to
be primarily a passive activity: teachers prescribe;
students transcribe. Students simply do not retaln for
long what they learn by Imitation from |lectures,
worksheets, or routine homework. Most students gradually
congtruct a view of mathematics as a rigld system of
externally dlictated rules governed by standards of
accuracy', speed, and memory. Practicing the skills of
mathematics often becomes the goal of learning, rather than
one of many strategies used by teachers to help students
achieve mathematics understandlng. Presentatlon and
repetition help students do well on standardized tests and
lower-order skllls, but they are generally Ineffectlive as
teaching strategles for long-term learning, for
higher-order thinklng, and for versatlile problem-solving
(Evervbody Coupts, 1989). Because mathematics Is one of
the plliars of education, reform In educatlion must lnclude
significant change In the way mathematlics Is taught and
learned. As mathematlics and soclety change contlinuously,
so too must mathematics education.

The speclial role of mathematics in education today Is

approprliately summarized by the National Academy Press in



Evervbody Counts, 1989, as a consequence of [ts unlversal
appllicablility. Mathematlics Is & sclence of pattern and
order. The process of "dolng" mathematics Is far more than
Just calculation or deduction; 1t Involves observation of
patterns, testing of conjectures, and estimation of
results. More sgpeciflcally, The Natlonal Academy Press
states that:

Mathematlics offers distinctive modes of thought which

are both versatile and powerful, including modellng,
abstraction, optimization, logical analysis, Inference

from data, and use o0f symbols. Experience with
mathematical modes of thought bullds mathematical
power -- a capaclity of mind of increasing value 1In

this technological age that enables one to read

critically, to ldentlfy fallacles, to detect blias, to

access risk, and to suggest alternatives. Mathematics
empowers us to understand better the information-1laden

world in which we ltive (page 31-32).

According to the Natlional Research Council, prior to
the 19808 it had been widely accepted that the learning of
mathematics required some special, innate ablility, which
most students, particularly females and minoritles, did not
possess (Evervbodv Countsg, 1989). Parents often accepted
and even expected thelir child’s poor performance in
mathemat!ics. 1In additlon, these parents tended to measure
the mathematical needs of today’s students by their own
experiences and accompl ishments. The fact that many adults

who never learned mathematicse had been able to survive and

perhaps even succeed wlthout 1t helped propagate an



attltude of acceptance for poor mathematics performance.
However, these attitudes are siowly changlng.

The technologlical advances of the twentleth century
have helped transform the field of mathematics from one of
abstraction Into a profound and power'ful part of human
culture. The ideas of mathematics Influence the way we
live and the way we work on many dlfferent levels.
Mathematics can have a practical affect on our lives as we
compare prices, calculate rlisks, make more Informed
consumer cholices, and try to understand the effect of
various rates of [nflation -- all of which can help to
improve Individual 1living standards. Mathematics can
impact our professlonal llves, In applications ranglng from
theoretical physics to business management, since it serves
as a prerequlisite for hundreds of careers. Mathematlics can
affect our clvic cholces as soclety debates over such
policles as tax rates, nuclear deterrence, public health
matters, proJected population growth, and the many
Interactions among the varlous factors of economic growth.
Mathematics can even affect our lelsure activities as Is
readlly evident by the popularity of lotteries, sports
wagers, and varlous other games of logic, chance and
strategy. Mathematlics has become a corner-stone of our
present sgoclety, applicable In almost every aspect of
everyday life. Mathematlical llteracy for all students must

become a national goal I{f we are to prepare today’s



students for the twenty-first century. Now more than ever,
mathematics literacy, mathematlical power, must become the
educatlonal goal for all students rather than the prlvate

domain of a select few.

OVERVIEW OF THE AREA OF CONCERN

The skills and expertlse of a country’s workforce

are the foundation of 1ts economlc sSuccess.

Lately, In our country, this foundation appears

too fraglile to withstand the challenge of the

213t century.

National Assessment of Educational Progress, ETS,

1990.

Accordling to recent findings which have been made
publlic by the Natlonal Assessment of Educatlonal Progress
in The Mathematicgs Report Card (1990>, mathematics
instruction consists almost excluslively of teacher
explanatlion, reliance on textbook and chalkboard
demonstratlons, regular homework asslignments, and routline
testing. Their findings iIndicated that the only deviation
from earller patterns of Instructlion (documented In a 1986
study by the NAEP) were student reports of signiflcant
increases In homework asslignments and testing. Thls recent
shift may be the only notliceable response to demands for
increased academic rigor In the fleld of mathematics. Even
though the Increased emphasis on skill development and

testing Is perhapg warranted, the lack of Ilnnovative

instructlonal approaches and curriculum changes |s cause



for concern. The Mathematics Report Card also Indlicates
that gstudents say they rarely engage In any activities
which would allow them to apply their mathematical skills
in real world situatlions.

Excessive emphasis on the mechanics of mathematics not
‘only inhiblts learning, but also propagates the widespread
misconception that the use of mathematical methods leads to
a slingle correct answer (Natlonal Research Council).
Mathematics Instruction must not reinforce the common
impression that mathematics 1s the product of authority,
maglic, or wizardry. The National Academy Press (1989)
points out:

Mathematics is a natural mode of human thought, better

sulted to certain types of problems than to others,

vet always subject to conflirmatlion and checking with

other types of analyses. There Is no place In a

proper curriculum for mindless mimicry mathematics

(page 44).

The abillfy of each Individual to use mathematics
wherever [t arises In thelr later lives depends heavily
upon the attlitudes conveyed toward mathematics In our
classrooms. If we expect students to make use of thelr
mathematics abllity as wage-earners, parents, or citlzens,
then steps must be taken to assure that the mathematics
curricula In our schools leave a legacy of confidence,

clarity, and empowerment, rather than one of

misunderstanding, apprehension, and fear.



The Ilrony of the current lack of mathematlical
understanding in our present society Is that young children
enJoy mathematics and are> naturally good at dlscoverlng
patterns and makling conjectures (National Regearch
Council). The natural curloslty of a young chlld is a
powerful teacher of mathematics. Unfortunately, as
children grow and become sSoclalized by school, their
perceptions of mathematlics gradually shift from enthusiasm
to apprehension, from confldence to fear. More than half
of all students leave mathematlcs under duress, convinced
that only the extremely intelllgent can make sense of 1¢t.
Later, as parents, they pass this same attitude on to their
children. Even more tragic ls that some teachers convey
this attitude to thelir students.

Contained In the preface of Evervbody Countg, The
National Academy Presas (1989) comments:

Three of every four Americans stop studylng

mathematics before completing career or Job

prerequigites. Most students leave sgschool without
sufficlent preparation In mathematics to cope with
elther on-the-job demands for problem-solving or
col lege expectations for mathematical literacy.
Industry, unlversitles, and the armed forces are thus
burdened by extensive and costly demands for remedial
education. Our country cannot afford continulng
generations of students limited by lack of
mathematical power to second-class status in the
gsoclety In which they 1live. It cannot afford to
weaken its preeminent position Iln sclience and
technology (page viil).
Even though there 18 no set educational policy for

mathematics In the United States, it remalns true,



partlicularly In the field of mathematicsgs, that teachers
tend to teach what is in the textbook and students learn
only what will be on the test (National Research Councll,
1989>. The Natlonal Academy Press (1989) states:

In practice, although not In law, we have a natlonal

curriculum in mathematics education. It is an

*underachleving" curriculum that follows a splral of

almost constant radlus, reviewing each year so much of

zgi.past that little new learning takes place (page
In the past, these standards for mathematics seemed
sufficlent, 1f somewhat |limited. However, the most recent
analyses of school mathematics have concluded that students
are not acquiring the skills and understandings they will
need for the technology of the future (National Assessment
of Educatlional Progress, ETS). Data from the Natlional
Agsessment of Educational Progress and from college
entrance testing programs reveal a dlscouraging pattern of
mathematics achievement, particularly in Iimportant
problem-solving and higher-order thinking sklllsg.

There iIs no shortage of advice on new directions for
the K-12 mathematlics curriculum. The challenge of defining
new curriculum priorities and new standards for teacher
performance and student achlevement has attracted attentlon
from a broad range of groups Interested In school
mathematics (Natlional Research Council, National Assessment

of Educational Progress, Natlonal Counclil of Teachers of

Mathematics, The National Sclence Board, and others).
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Their recommendatlions respond to two generally percelved
problems in mathematics education In grades 7 - 12. 1In a
recent article In Educatlonal Leadershlp, Zalman Uslsklin
(1987) described those problems in the following manner:

The first 1s that high school graduates are not

learning enough mathematics. And second, the

mathematics curriculum has not kept up with changes in
mathematics and the ways mathematics Is wused in

business, lndustry, and the marketplace (page 31).

A mathematics curriculum can no longer afford the
luxury of a program which ils prescribed for
col lege-preparatory students. Students must prepare now
for a world where the benefits and responsibllities of full
cltizenship will require a substantial measure of skill and
understanding in the mathematlcs of sclence and technology.
No longer can we Settle for a mathematics curriculum that
provides Ilts students with only mindless tralning Iin
mechanical skills, |

In 1978 the Natlonal Council of Supervisors of
Mathematics proposed a list of ten basic skills In
mathematics. These skills -- problem solving; applying
mathemat!ics In everyday slituations; alertness to the
reasonableness of results; estimation and approximation;
appropriate computatlonal skllls; basic geometric
properties; measurement; use of tables, charts, and graphs;
using mathematics to predict; and computer 1iteracy --

reflect new goals for mathematlcs curricula. These goals
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are not simply a matter of style or approach; they
constitute a fundamental change In the content of both the
elementary and secondary mathematics curricula. The
National Council] of Teachers of Mathematics in its
Curriculum and Evaluatlion Standards for School Mathematics
(a copy of the NCTM Curriculum and Teaching Standards
appears In Appendix A of thls document) has endeavored to
create a vision of mathematics education which can help
produce those changes. NCTM stated withln the nmhtloned
document that:
The fourteen standards developed by NCTM for grades 9
- 12 egtablish a framework for a core curriculum that
reflects the needs of all students, explicitly
recognizing that they will spend their adult lives in
a socliety increasingly dominated by technology and
quantitative methods (page 123).
At the very center of this core curriculum is the concept

of mathematical problem solving, which shouid be the focus

of school mathematics.

PURPOSE OF THE STUDY

The purpose of this case study, therefore, was to
evaluate the current status of problem solving In a
mathematics curriculum In a typlcal high school, and to
examine the process lnvolved in the Implementation of the

recommendations found in NCTM’s Standard i1: Mathematics as
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Solving. More sgpecliflically, the following

questions were used to guide this program evaluation:

1'

To what extent are the recommendations of
Standard 1 not being satisfied by the current
mathematlics curriculum ln grades 9 -12 In

a specified high school?

What are the changes perceived by teachers to
be necegsary before the curriculum
recommendations found In Standard {1 can be

implemented?

What are the aspects of current mathematics
education which may Inhibit or enhance the
Implementation of NCTM’s vision for a more
relevant and useful mathematics currliculum

within a typlical school?

The NCTM Curriculum Standard which was selected by

this investigator to guide thls program evaluation is:

Standard 1: Mathematlcs as Problem Solving

In grades 9 - 12,

incliude the refinement and extension of methods of

mathematical problem solving gso that all students

can --

the mathematics curriculum should
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--ugse, with increasing confldence, problem-solving
approaches to investigate and understand

mathematical content;

--apply Integrated mathematical problem-solving
strateglies to solve problems from within and

outside mathematlics;

--recognize and formulate problems from sltuations

within and outside mathematics;

--apply the process of mathematical modeling to

real-world problem situations.

During the evaluation of Standard 1i: Mathematics as
Problem Solving, this investligator utilized those
indicators of quallty for Standard 1 which were developed
by the Center for Educational Research and Evaluation at
UNC-G for the evaluation of mathematics programs. Those

indicators are:

Standard 1: The curriculum provides students with the

opportunity to engage in problem solving.

1.1 The curriculum provides students with the

opportunity to solve problems on a regular basis.

1.2 The curriculum provides students with the
opportunity to defline problems from everyday 11fe

as well as mathematical situations.
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1.3 The currliculum provides students wlth the
opportunlity to develop and carry out plans

to solve a wide varlety of nonroutine problems.

1.4 The curriculum provides students with the
opportunity to look back at the original problems

to verify and interpret their results.

1.5 The currlculum provides sfudents wlith the
opportunity to generalize solutions and strategles

to other sltuatlons.

A comparlson of the recommendations found In Standard
1 and the flve Indlcators of quality which were used to
evaluate problem solving in the mathematics curriculum show
they parallel one another In all but one area. The first
recommendation of Standard 1 states that the mathematics
curriculum should include the reflnement and extension of
methods of mathematical problem soivlng go that all
students can use with Increasing confidence, problem
solving approaches to Investigate and wunderstand
mathematical content. The quallty lIndlcators do not
address this recommendation. Therefore, this aspect of
Standard 1 was assessed in the following manner: comments
found in indlividual teacher Journals, examples of student
work from teacher portfollos, and the examination of the
results of a problem solving attitude assessment survey for

students. (See Appendix B for a copy of the survey.)
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SCOPE OF THE STUDY

Only from his actions, his fixed utterances, his
effects upon others, can man learn about himself;
thus he learns to know himself only by the
round-about way of understanding. What we once
were, how we developed and became what we are, we
learn from the way In which we acted, the plans
which we one adopted, the way In which we made
ourselves felt In our vocation, from old dead
letters, from Jjudgements on which were spoken
iong ago....we understand ourselves and others
only when we transfer our own lived experlence
into every kind of expression of our own and
other people’s lives.

Wilhelm Dilthey (1910)

This investigation lnvolved the use of technliques from
qualitative or ethnographic research and has utilized them

in varylng degrees as beflts an emergent study. Much of

- the gclentiflc research whlich has been undertaken has

failed to impact upon the realltles of classroom teachers

(Hltchcock & Hughes, 1989; Calkins, 1985; LaCompte & Goetz,

1984; McCutcheon, 1981; Paul, 1990; Patton, 1980; Rogers,

1984). Robert Stake (1986) has said:
The quallty of educatlonal practice, partlicularly lts
teaching and administration, rests largely on
intuitive and experiential processes. Some wish that
educational practice would be more rational and
technical -- but Iimmediate Iimprovement 1In practice
continuesg to rely largely on experjiential
understandings (page 46).

If we are to improve mathematics currlicula and instructlon

in schools today, we must endeavor to understand the

particular situation, the particular program. Our past

efforts to generalize the teaching and learning of
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mathematics s part of the exlsting problem. The Intent of
this 1investigation was to provide a comprehensive
understanding of a particular situation through which the
report readers can draw thelr own generallizatlons through
the combination of previous experlience with the new. This
investigatlion was therefore a case study of the evaluation
of problem solving In the existing mathematlcs curriculum
and the attempt to Iimplement NCTM‘s Standard 1:
Mathematlcs as Problem Solving. The Investligation
attempted to focus upon the congruence of the current
mathematics curriculum and the recommendations found in
Standard 1, and examined the process Iinvolved in the
implementation of the standard into the exlisting program.
The perliod of investigation was set to cover a time span of
less than one semester, and to cease when this lnvestligator
was able to conclude that Standard i1 had been implemented
or that no additional progress could be made toward
implementation of Standard 1. The Intent of this
investigation was not to determine whether implementatlion
of NCTM’s Standards will or can bring about the previously
stated and much needed reforms in mathematlics education.
Unfortunately, verlification of those types of results were
beyond the scope of this study, and perhaps will not be
known during this decade. However, if Standard i1 ls never
implemented within the present mathematics curriculum, the

question of a resultant mathematics educational reform may
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never be addressed at all. 0f speclal Interest durlng
this program evaluation was the analysis of problems which
mathematics teachers belleve will result due to the
attempted implementatlon’of Standard 1. An additional set
of concerns revolved around whether the Standards could be
implemented into the existing mathematics curriculum, and
whether implementation of the standards s even possible
glven the present classroom conditions and expectatlions.
The study includes comments from teachers concerning their
perceptions of whether curriculum changes will occur as a
result of the Iinvestigation. The Investigation attempted
to assess the congruence between the current curriculum
goals for problem solving and those recommended by Standard
1 and will make recommendations based on those findings.
The mathematics program at South Caldwell High School,
located in Hudson, North Carollna, was selected for this

case study by the Investigator.

SIGNIFICANCE OF THE STUDY
Clearly, we know more today about teaching, learning
and the development of relevant, useful mathematics
curricula than we did twenty years ago, and yet many of
today’s students receive much the same mathematics
ingtruction from exactly the same mathematics curricula as
that which was being given in mathematics c¢lassrooms

decadegs ago (National Research Counclil), The 198038 have
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been viewed as the decade which reported that schools were
not succeeding In thelr Jjobs of educatlng students. It was
the decade which demanded quallty educatlon in our publlc
schools across the nation. As a result, we are now
experliencing an era of educational reform. The public has
issued a clear challenge to educators for the next decade:
to lmprove student learning and achlievement, particularly
student learning and achlievement of higher-order thinking
skills, such as problem solving iIn mathematics. There Is
widespread agreement that major changes are required in
mathematics curricula f mathematics programs are to
prepare étudents for the world in which they will live and
work. Considering the current atmosphere in whlch schools
must function and the proliferation of so-called cures
proposed by persons Inside and outslide the realm of
education, It would seem advisable to look directly at the
day t6 day curriculum practices within typlcal mathematics
classrooms. If we can accurately determine the type of
curriculum standards teachers are currently using lnslide
thelr classrooms, how closely that curriculum matches the
professional views of what a mathematlics curricula should
be, and the perceived problems which will be encountered if
change is allowed to happen, perhaps then wise declisions
can be made which will engage students more meaningfully in
the study of mathematlics. Although this study Iinvolves

only one standard, this one standard provides the basic
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framework for all the other standards. The concept of
problem solving s the basic foundation for the type of
mathematics curriculum proposed by NCTM and others. The
depth of this inquiry can be expected to yield insights
which may serve mathematlics educators In providing the kind

of curriculum standards that support the goals and visions

of the NCTM Curriculum and Evaluation Standards for School
Mathematics.
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CHAPTER 11
LITERATURE REVIEW

The most Important purpose of evaluatlon {s not

to prove, but to Iimprove....We cannot be sure

that our goals are worthy unless we can match

them to the needs of the people they are Intended

to serve. -

Danlel Stufflebeam, 198S5.
There are many reasons for conducting mathematics
program evaluation. In general, evaluatlions are needed for
the following reasons: to determine effectlveness of
existing programs, to determine whether changes are needed
in existing programs, to set priorities and formulate
program goals, to develop a program which [s sulted to a
particular school, and to determine whether a program meets
qual ity standards. The purpose of thls case study dealing
with the evaluation of problem solving 1s of course the
latter, Today we stand on the threshold of the
twenty-first century, reallzing mathematics education Is
critical to the current generation of students. We also
reallze most students do not possess the mathematics
proficiency needed to adapt to the technological soclety in
which they must Ilive and work. Improving mathematics
performance among our nation’s youth will require upgrades

in the curriculum, corresponding modifications in classroom

instruction, and the use of appropriate evaluation results.



21

The National Counci! of Teachers of Mathematlics, in an
effort to reform school mathematics, has developed a set of
professional standards for the teaching of mathematics.
For NCTM, the development of standards as statememts of
criteria for excellence ln order to produce change was the
focus. Schools must reflect the consequences of the
current reform movement [f our students are to be
adequately prepared to live In the twenty-first century.
NCTM advocates that the standards should be viewed as
facilitators of reform. The purpose of this lnquiry was to
assess current curriculum practices with reference to NCTM
Standard 1: Mathematics as Problem Solving. The focus of
this case study consisted of an evaluation of those
gpeclflc parts of the mathematics curriculum which provide
opportunities for students to engage In problem solving.
During this review of lliterature relevant to educational
evaluation, thils lﬁvestlgator has attempted to define the
structure of the evaluation techniques used in the program
evaluation.

A portion of the scholarly literature relevant to this
study has been reviewed to galn inslght Into seven major
areas: (a) mathematics as problem solving, (b) defining the
concept of evaluatlion, (c) planning and evaluation models,
(d) agsessing the problems of evaluation, (e) planning and

conductling evaluation studlies, (£f) analyzing and
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Interpreting evaiuatlon Informatlon, and (g the role of

evaluation In mathematics classrooms.

Mathematics as Problem Solving

Problems and thelr solutions have always occupied a
central place in any school mathematics curriculum, but
problem solving has not. "Only recently have mathematics
educators accepted the ldea that the development of problem
solving abllity deserves speclal attention" <(Charles &
Sllver, page 1>. It has only been during the last decades
that the focus of the teaching of problem solving has
shifted from a philosophy that students should be presented
with problems and the rules for solving those particular
problems to one which advocates a more general approach to
problem solving. Until thils century, It was assumed that
the study of mathematics would In some way Improve an
individual’s Intellligence or ability to think. Grube has
quoted Plato as sayling that:

Those who are by nature good at calculation are, as

one might say, naturally sharp ln every other study,

and...those who are slow at it, if they are educated

and exerclsed in thls study, nevertheless Improve and

become sharper than they were (page 18).
As such, solving problems in the currlculum was simply a
ploy to get students to study mathematics. “Problems were
a glven- element of the mathematics currlculum that

contributed, like all the other elements, to the
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development of reasoning power" (Charles 8 Sllver, page
10). Mental discipline theories during the nineteenth
century provided the framework for the idea that
mathematics provided a primary vehlicle for the development
of the reasonlng faculty for an l‘ndlvldual’s mind.

Near the beglinning of the twentlieth century, the work
ot Edward L. Thorndike led to signlficant changes In how
the study of mathematics was viewed and as a result, he is
generally credited with refuting the basic notions of
mental discipline theory. However, even Thorndlke never
completely rejected the Idea of mental discipllne.
Consequéntly the early 1900s witnessed two very different
ways of looking at people, education, and the school
curriculum., The mental discipllinarians argued that
mathematics was a crucial element of the curriculum and
that all students could benefit from the same knowledge and
methods of Instruction. Thorndike, however, provided the
foundation for the ldea which advocated the need to expose
different chlldren to élfferent subject matter. Critlcs of
mathematics began to feel that most people needed to know
no more than sixth grade arlthmetic. The 19308 saw the
place of mathematics in the school curriculum come under
attack which led to a crisis In mathematics education. On
the one hand, critics were calling for methods of making
mathematics more relevant to real life, while mathematics

educators were afrald of giving up the former role of
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mathematlcs for the sake of applicatlion. Thls crisis has
vyet to be resolved. According to Charles and Sliver
(1988):
The events surround!ng the decline of mental
disclpline theory may have get the stage for
mathematics educators to begin to give more specific
emphaslis to the development of problem solving
abllity, but the clash of basic ldeas about human
intel]llgence, education, and the school curriculum
stil]l permeates discussions of problem solving (page

13).

The term problem solving Is used in many different
contexts and has many different meanings. The three most
common interpretations of problem solving are: (1) problem
solving as context, (2> problem solving as gklll, and (3

problem solving as art.

Problem Solving asgs Context

Generally It Is agreed that problems and the solving
of problems are a means to achleve other valuable ends.
Historically, problem solving has held an Important place
in the mathematlcs curriculum because it helped provide
Justification for the teaching of mathematics. If some
problems in the curriculum related In some way to
real-world experlenées, then they served to convince
students of the value of mathematics. Problem solving has
also been used in an effort to galn student attention and
to motivate them to learn new procegses or algorithms. The

use of puzzles and other problems without any real-world
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connections are used to allow students to have some fun
with the mathematics they have already learned. Problem
solving and discovery techniques can provide a vehicle for
learning new concepts and skills, And filnally, problem
solving as practice has had the largest Influence on the
mathematlics curriculum as |t provides the necessary

practice to reinforce skilla and concepts.

Problem Solving as Skill

Problem solving Is considered in some instances as one
of a number of sklilis to be tauaght {in the school
curriculum, rather than as simply a means to achieve other
ends. Placing problem solving in a hlerarchy of skills to
be acquired by studente often leads to a distinctlion
between solving routine and nonroutine problems. AS such
Charles and Silver (1988) state that nonroutine problem
solving can be:

Characterized as a higher level skill to be acquired

after skill at solving routine problems (which, Iin

turn, s to be acquired after students learn basic
mathematical concepts and skills). This view
postpones attention to nonroutine problem solving,
and, as a result, only certain students, because they
have accompl ished the prerequisites, are ever exposed

to such problems (page 15).

The lack of exposure to nonroutine problem solving for all

students lIs a common characteristic of the mathematics

schoo]l curriculum In classrooms today.
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Problem Solving as Art

The work of George Polva and hls view of problem
solving as art provides a mcre comprehensgsive view of
problem solving In the school mathematics curriculum,
Polya’s experlence In learning and teaching mathematics led
him to revive the [dea of heuristics (the art of
discovery.)> Polya believed that students would understand
mathematics much better 1f they could get some taste of
mathematical discovery for themselves.

To Polya, problem solving was an art "llke swimming,
or gskling, or playing the plano," which must be learned
through imitation and practice. Polya belleved that simply
solving problems did very little to Improve performance,
nor did he agree that the study of mathematics contributed
by its very nature to one‘’s general level of Intelllgence.
Polya deflned problem solving as the process of finding the
unknown means to a disgtinctly concelved end. Charles and
Silver (1988) state that Polya:

Recognized that techniques of problem solving need to

be illustrated by the teacher, discussed with the

gstudents, and practliced in an ingightful,
nonmechanical way....He observed that although routine

problems can be used to teach students to follow a

specific procedure or use a definition correctly, only

through the judicious use of nonroutine problems can
students develop their problem solving ability (page
16>.

To Polya, the teacher is the key to providing the

right kind of problem for a given class and the proper
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amount of help and guldance. Therefore Charles and Sllver
have sald that Polya felt:

No one can program the teaching of problem solving; it

remains an activity that requires experience and

Judgement. In a sense, problem solving as art gets

reduced to problem solving as skill when attempts are

made to Iimplement Polya‘’s ldeas by focusing on his

steps and putting them into textbooks (page 17).
Certalnly Polvya did not provide a reclpe for maklng all
students into accomplished problem solvers. However, he
did provide us with the baslic Issues of what problem
solving is and why we should teach it.

Polya was one of the flrst mathematics educators to
advocate the belief that mathematics in general and problem
solving lﬁ particular are for all students. It ls the aim
of this lnquiry to promote the notlon that problem solving
really iIs for every student. It is Important to provide a
curriculum which offers all students the opportunity to
develop an abllity to solve problems. In doing so this
curriculum must provide a varliety of sjtuations and
examples which can help students link the subject matter of

mathematics to the experience of solving meaningful

probliems.

Defining the concept of evaluation
“"Evaluatlion s one of the most wlidely discussed but
little wused processes iIn today’s educational system”

(Worthen & Sanders, page 1), Soclety has demanded that
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educational systems be held accountable and legislators
have responded by allocating more and more funds for the
evaluation of educational programs. However, "desplte
these trends towara accountabllity, only a tiny fraction of
the educational programs operating at any level have been
evaluated in any but the most cursory fashion, If Indeed at
all" (Worthen & Sanders, page 1). Evaluation is a complex
process, lndeed, even the process of finding an acceptable
definition for evaluation seems not only complex, but
controversial. At the most general level, evaluation hés
been defined as "the assessment of merit" (Popham, 1975).
A somewhat more elaborate definition 1Is provided by L. J.
Cronbach who defines evaluation as "{thel collection and
use of [nformation to make decisions about an educational
program" (Cronbach, 1963)>. Rlichard Wolf (1979) has sald:
This definition of evaluation, emphaslizing the
collection and use of Iinformation about learner
performance, is a distinct Improvement on the
"assessment of merit" definition, but It still does
g?? go far enough In saylng what evaluation is (page
A more extended definition, supplied by C. E. Beeby,
describes evaluation as "the systematic collection and
Interpretation of evidence, leading, as part of the
process, to a Jjudgement of value with a view to action"

(1975). Implicit in both the Beeby and Cronbach

definitions Is the distinctlion that evaluation is
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declslon-orlented and that its Intent Is to lead to better
pollicles and practices in education.

Ralph W. Tyler is generally considered the father of
educational evaluation. "In general terms, Tyler
considered that evaluation should determine the congruence
between performance and obJectives* (Stufflebeam &
Shinkfleld, page 70>. Tyler saw the purpose of evaluation
as providing a check as to whether the plans for learning
experiences actually function to gulde the teacher |In
producing the desired outcomes. The Tylerlan approach
suggested the wutilizaton of feedback in educational
improvement; however, it has been used aimost exclusively
to Judge flnal success only. The Tylerian concept of
relating outcomes to obJectives, gave predominance -to a
terminal process that ylelded information only after the
full cycle of the program had occurred. This view has
continued and I8 reflected in several current approaches to
evaluation.

Edward Suchman, however wrote in 1967 that evaluatlon
should be viewed as a scientiflc process. He stated his
beliefs that the same procedures which are used to discover
knowledge could be utllized to evaluate the degree of
success in the application of this knowledge (Stufflebeam &
Shinkfleld). Suchman advocated that program evaluation

should congsist essentially of the measurement of success in
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reaching the practical obJectives of an educatlional
program.

During the last few decades, new definitions of
evaluation have emerged, among which are those of Robert
Stake, 1967 and Danlel Stufflebeam, 1971, As an
alternative to the Tylerian definltlion, Daniel Stufflebeam
redefined evaluation as "the process of providing useful
information for decision making" (Stufflebeam, 1966).
Stufflebeam reported that evaluation In general was the
victim of a great lliness, recognizable by symptoms
exhibited by evaluators at all levels of education and by
the dilsmal quality of their evaluation work. Stufflebeam
sees the role of evaluation as a means of sorting out the
good from the bad, a method of pointing the way to needed
improvements and of helplng educators gain a better
understanding of thelr field.

Robert Stake has ‘"argued that evaluation’s basic
function In educatlion should be to gulde curriculum
improvement, not to Judge completed, packaged curriculums"
(Stufflebeam, page 211)>. Stake defined evaluation as "an
observed value compared to some standard." Stake advised
the evaluator to make a comprehensive statement of what the
program |s observed to be and to reference the satisfaction
and disgsatisfaction that appropriately selected people feel
toward the program. He views the evaluator as a "truth

seeker" and has cautioned that many outcomes, rather than
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only those which are measurable, tegstlfy to the worth of an
ecducation program.

James Sanders and Blaine Worthen (1987) define
evaluation as:

The determination of the worth of a thing. It

includes obtaining informatlon - for use ln Jjudging the

worth of a program, product, procedure, or objective,
or the potential utllity of alternative approaches

designed to attain gpecified objectives (page 19).

Thus 1t seems an unlimited number of definitions for
evaluation exist, some of which have strong commonalities.
Obviously, the way iIn which one defines evaluation has
direct Impact on the type of evaluation activities
conducted. The ultimate role of evaluation must be the
determination of merit or worth. According to Worthen and
Sanders (1987):

Evaluation can play many roles in an educational

program: it can aid the developers by providing

mastery test data, and it can provide data to
facilitate administration of the program, to name only
two. However, the goal of evaluation must always be
to provide the answer to an all-important question:

Does the phenomenon under observation have greater

value than I[ts competitors or suffliclent value of

itself that it should be maintained? (page 26).

The definition of evaluation which was used to gulde
this case study Iis a combination of those offered by
Stufflebeam and Stake. The evaluation has endeavored to
compare an observed value to a set of standards, then polnt

the way toward needed Improvement and a better
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understanding of the current mathematics curriculum. This
investigator chose this comblination of definitions since it
Implies evaluation should be concerned with process rather
than simply with outcomes or products. However, the
investigation also used Provus’ Discrepancy Evaluation
definition (1971) which states:

Program evaluation is the procegss of (1) defining

program gStandards; (2) determining whether a

discrepancy exists between some aspect of program

performance and the standards governing that agpect of
the program; and (3) using the discrepancy iInformation
elther to change performance or to change program

standards (page 183).

This investligator used Provus’ definition In the assessment
of the congruence of the current mathematics curriculum at
South Caldwell High School and the criteria of NCTM’s
Standard i: Mathematics as Problem Solving.

This case study began as a program evaluation and as
such compared current problem solving practices with those
recommended by NCTM. However, it also focused upon the
dynamics involved as change occurs In an existling program.
Implementation of Standard i1 was expected to be gradua!l
with problem solving activities belng added in a systematic

manner in the beginning, until eventually problem solving

becomes an Integral part of the mathematlics curriculum.

Planning and Evaluation Models
Since there is more than one method of conducting a

defenslble educational evaluatlion, the skilled educational
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evaluator should be aware of the varlous alternatlive
optiong for carrying out that task. There are different
evaluation strategles for different educatlional situations.
In choosing a particular evaluation design, the evaluator
should conslider not only lts gspecial features but also the
conditions under which it will be used. Each design has
certaln strengths and weaknesses. Knowledge of each of
them ls important, and adequate provision for deallng with
the weakness inherent in a particular design Is critical to
the success of an evaluation study.

Immediately following the enactment of the Elementary
and Secbndary Education Act of 1965, the development of
evaluation models was clearly a fashionable activity.
However, as Is often true, some of the later evaluatlion
models lncorporated large portions of previously presented
models. Each model was developed as a course of action
which, |[f followed, would 1lead to more effective
evaluation. As such none of the models are truly distinct.

Popham (1988) 1n the book Educational Evaluation stated
that: |

No matter what factors one chooses to employ in
distinguishing among educational evaluation models,
the resulting categories fail to satisfy those who
would togs particular models into digtinctive
classification cells without overlap (page 22).

Popham has devised a five-category set of descriptors for

the educational evaluation models currently available.



34

Popham describes these categorlies as nelther flawless nor
mutually excluslive. The flve classes of_ educational

evaluation models to be conslidered by thls evaluator are as

fol lows:

Goal-Attalnment Models

Judgemental Models Emphasizing Inputs
Judgemental Models Emphasizing Outputs
Decislon-Facilitatlon Models
Naturalistic Models

Goal-Attalnment Modelsg
"A goal-attainment approach to educational evaluation
concelves of evaluation chlefly as the determination of the
degree to which an Iinstructional program’s goals were
achieved" (Popham, page 24). The goal-attainment concept
of educational evaluation 1s generally associated with the
efforts of Ralph W. Tyler. According to Popham (1988):
Tyler’s general approach involves the careful
formulation of educatlonal goals according to -an
analysis of three goal-sources (the sgtudent, the
gsocliety, and the subject matter) and two goal-screens
(a psychology of learning and a philosophy of
education). The resulting goals are then transformed
into measurable obJectives. At the conclusion of an
instructional program, measurements of puplls are
taken in order to see the degree to which the
previously established goals were achlieved (page 25).
Educational goals and the degree to which they are achieved
congtitute the heart of Tyler’s evaluation approach.
A more recent variation of the goal-attainment model

was proposed by Hammond (1969> and includes: (1) lsolating

that aspect of the current educational program to be
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evaluated, (2) deflning the relevant Institutional and
Instructional variables, (3) specifying objectlves In
behavioral terms, (4) assessing the behavior described In
the objectives, and (5) analyzing goal-attalnment results.
Hammond’s model goes into greater depth In an effort to
determine the factors which might be relevant 1In
conslidering the degree to which expressed objectives are
achleved.

Metfessel and Michael (1967) offered an eight step
goal-attainment model which includes: (1> involvement of
members of the total community, (2) construction of broad
goals and speclific objectives, (3) translation of speclfic
objectives into forms that are communicable and that
faclilitate learning, (4) development of measurement
Instrumentation, (5) carrying out perliodlic measurement, <6)
analyzing measurement data, (7)) interpretation of analyzed
data, and (8> formulation of recommendations for program
change of modified goals and objectives. The main thrust
of goal-attainment models 1Is the degree to which

prespecifled instructional goals have been achieved.

Judgementa] Models Emphagsizing Inputs

Another class of evaluation models includes those in
which major attention is given to professional Jjudgement.
The evaluator‘’s Jjudgement determines how favorable or
unfavorable the evaluation turns out to be. Here the

evaiuator directs his attention toward inputs, or intrinsic
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criteria, which can be referred to as process crlterla.
The Intrinsic features of a textbook might will be its
design, lllustration, and use of color. (How well the
student can learn from the book would concern its outputs,
its extrinsic criteria, also referred to as product
criteria.) Judgemental approaches to educational
evaluation In which the emphasis Is on inputs are very
common in educatlon, however Popham views most of them as
too haphazard to be properly classified as systematic
evaluation. One exception 13 the accreditatlion model |in
which an accrediting agency visits a school and, on the
basis of previously determined criteria, Jjudges a school’s
program. In most cases, the interest of the accreditation
team is directed toward Intrinsic criteria, such as the
number and quality of books In the llibrary, the degree of
training of the school’s faculty and the physical plant.
Recently, there has been growing dissatisfactlon among
educators for this type of evaluation due to the lack of
empirical evidence to confirm and support the final
outcomes of the Instructional sequence. Consequently,
evaluation models that are domlnated with a concern for

inputs are not often recommended today.

dudaemental Models Emphasizing Outputs
There are several approaches to educational evaluation
which can be descrlibed as Judgemental processes In which

the primary attention is glven to outputs, or extrinsic
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criteria. The most slignlflicant of these modeis have been
developed by Michael Scriven (1974) and Robert E. Stake
(1967>. Although Scriven’s position has remalned virtually
the same, Stake’s views have changed conslderably (this
will be discussed later) over the years.

Scriven’s approach to educational evaluation calls for
the evaluator to Jjudge a program, attending chiefly to
program outputs, He begins his model with the
formative-summative distinction: an evaluator can
formatively attempt to Iimprove a still-under-development
instructional sequence or he can summatively assess the
merits of an already completed Instructional sequence.
Scriven views evaluation as an assessment of merit. Popham
says this of Scriven:

He is particularly dismayed with those who would

equate evaluation merely with the degree to which

goals are achlieved. As he points out, "...iIt |is

obvious that if the goals aren‘t worth achieving, then

ég)fs uninteresting how well they are achleved" (page
Scriven recommends that evaluators should never simply
appraise a program relative to its goals; Iinstead
evaluators should appraise the goals themselves.

Scriven advocates a comparative orlentatlion to
evaluation, pointing out that decisions regarding
educational evaluation typlically Involve cholces from

alternatives which in turn require comparlsons of the

competitors. It is the job of the educational researcher
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to determine which factors lead to a more effectlve
program. Scriven has also proposed goal-free evaluation.
Popham ¢(1988)> has sald that Scriven belleved:

The goal-free evaluator {s not concerned with the

rhetoric of the instructional designers regarding what

they want to accomplish, but rather attends to the

gg??lts accompl ished by the designers’ programs (page
The chief advantage of goal-free evaluation {s that It
encourages the evaluator to focus on a wilder range of
program outcomes than might be possible when the evaluator
has been Influenced to look for project results related to
project 'alms. A well-designed evaluation, according to
Scriven, would contaln both goal-based and goal-free
evaluation.

In 1967, Robert E. Stake proposed a sgystem of
evaluation often reférred to as hls Countenance Model. His
1967 conception of evaluation emphasized two activities:
description and Jjudgement. Stake distlinguished between
degscriptive and Jjudgemental acts of the evaluator according
to three phases of an educational program: its antecedent,
transaction, and outcome phases. Antecedents, according to
Stake, are conditions which exlist prior to Iinstruction
which may relate to outcomes; transactions constitute the
process of instructlon; and outcomes are the effects of the
instructional progréms. Stake divided descriptive acts

through references to what was Intended or what was
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actually observed; Judgemental acts elther refer to the
gtandards used In reaching Judgements or to the actual
Judgements themselves. Popham’s (1988) account of Stake’s
view lndlcatea that:
He pointed out that when we Jjudge an educationatl
program we engage elther In relatlve comparison <(one
program versus another), absolute comparison (one
program versus standards of excellence not assocliated
with any particular program), or both relative and
absolute comparison. The real payoff in the
Countenance Model, of course, was the Jjudged outputs
of the program belng evaluated (page 33).
Decjision-Faciljitation Models
Decislion-Faclilitatlon Models differ from Jjudgemental
models in that the evaluator is less willing to assess
personally the worth of the educational program. They, In
egsence, collect and present information to someone else,
who will then determine worth. One of the best known
decislion-facilitation evaluation models is the CIPP, an
acronym representing the four types of evaluation this
model jdentifies: content, Iinput, procegss, and product
evaluatlion. The CIPP Model was designed by Danlel
Stufflebeam and Egon Guba (1971)> and "is deeply rooted in
its definition of evaluation: evaluation 18 the process of
del ineating, obtaining, and providing useful Information
for Jjudging declision alternatives" (Popham, page 34>. The
three major steps in the CIPP model are: (1) delineating,

or a focus on the lnformation requirements of the declslon

maker, (2) obtalining or the collection, organization and
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analysis of Information using measurement and statlistics,
and (3> providing a synthesis of the Information. All
three steps Involve Information and how It can best be
isolated, gathered and presented to those individuals who
wlill make decisions. The CIPP model provided the flrst

oguide for evaluators who belleveq that their primary goal

_ was to ald those who make decislions.

A second decision-facilitation model, offered by
Malcolm Provus (1971), is the Dlscrepancy Model, so called
due to the particular attention pald to the discrepancies
between posited standards and actual performance. The
Discrepancy Model consists of flve stages: (1 design,
which focuses upon documenting the nature of the program,
(2> Installation, or a determination of whether an
installed program |8 congruent with Its Installation plans,
(3) process, or an assessment of whether enabling
objectives are being achleved, (4> product, or an
asseasment of whether terminal obJectives are being
achleved, and (5> program coinparlson, or a cost-benefit
analysis. After performance s compared to standards, the
discrepancy lnformation can lead to four alternatives: the
program can be ended; the program can proceed unaltered;
the program can be altered; or the program standards can be

altered.
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Naturalistic Models

The final category of educational evaluation models to
be considered here is8 referred to as naturalistlec or
qualitative, an evaluation model which places few or no
constraints upon potential outputs or those factors which
are present In an evaluation at its outset (such as pupil
aptitude).

In the 19708, Robert Stake became somewhat
disenchanted with his own highly structured Countenance
Model and began to endorse a model he characterized as a
respongive evaluation. Popham’s (1988) account of Stake
says:

He argued that an educational evaluation would be

responsive If [t ‘“orients more dlrectiy to program

activities than to program I[ntents, responds to
audience requirements for Iinformation, and 1§ the

di fferent value perspectives present are referred to

in reporting the success and faillure of the program."‘

Whereas Stake considers most conventional evaluations

to be formal, preplanned, objective, and based on

prespecified 1intentions, he views responsive
evaluation to be informal, flexible, subjective, and

based on evolving audlience concerns (page 42).

Eliot Eisner has also developed a model for
naturalistic educational evaluation. Eisner’s model relies
upon the two concepts of educational connoisseurshlp and
ecducational criticism. Connolsseurs are able to appreciate
the subtle quallties of a complex educational phenomena,

while the critic serves the role of disclosure. Popham

(1988) has sald Elsner belleves:
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The educational critic strives not only to dliscern the
qualities constituting an event or object, but also to
render in verbal form what has been experienced, so
that those who do not possess the critic’s level of
connoisseurshlip can understand what the critic has

percelved (page 43).

There have been very few guidelines provided for the
implementation of a connoisseurship model and as a result,
this model has been employed mostly by Elsner, his
co-workers, and his students.

An ethnography can be defined as a description of a
gltuation In which the bellefs, knowledge, behaviors, and
practices of those lInvolved are deplcted. Therefore
ethnographic éducatlonal evaluations are thought to yleld a
more meaningful plcture of the educatlional process. An
ethnographic evaluation should be guided by: (1
phenomenology, or the viewpoints of those being studled,
(2> hollsm, or the large plcture rather than details and
the interrelationship among those under analysis, (3
nonjudgementalism, where the evaluator avoids making
Judgements and where blases are made explliclt, and (4>
contextualization, in which the evaluator examines
information in lts own environment in order to provide an
accurate representation.

There are of course other models of educational
evaluation and those models could perhaps be classified by

various other methods. However, the five categories

discussed here sgserve to provide a useful set of descriptors
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for those models currently avallable for educational
evaluation. The model selected by this investigator for
ugse durlng this lnquiry Is a comblnation of several of the
characteristics from Provus’ Discrepancy Model and those
quallities speclfic to an ethnographic study. The
Discrepancy Model provides the necessary framework for a
comparison of program performance <(¢ln this case, the
current curriculum problem solving practices) to NCTM’s
Standard 1: Mathematics as Problem Solving. The
discrepancy information <(when found) was gathered and
presented along with recommendations to those individuals
responsible for program declislions. Through the use of
various ethnographic techniques, this investigator has
hopefully presented a more accurate description of many of
those bellefs and behaviors which can affect the actual
mathematics curriculum which I8 now being used when

teachlﬁg students In grades 9 - 12.

Assessing the problems of evaluatlion

One of the fundamental goals of program evaluation is
to determine whether a program is doing what it Is intended
to do, whether It iIs meeting its goals. In order to decide
whether a goal is being met, one must know what that goal
Is. In other words, "program evaluation actually has two
sets of goals: the goals of the evaluation process itself

(the research goals) and the goals of the program being
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evaluated (the program goals)' (Moursund, page 9). It Is
generally agreed that one fundamental goal of evaluatlion Is
to determine whether the stated goals of a program are
belng met. A second and equally valid function of
evaluation is to determine whether the stated goals are the
actual goals on which the program s operating, and if
these goals are approprlate. Traditionally, an evaluation
begins with setting up, or ascertaining, the goals of the
program one wishes to evaluate. C. H. Welss (1972) has
suggested there are four major problems in determining the
real goals to be dealt with iIn evaluation.
First, the goals of the program being evaluated may be
qulte hazy and ambiguous. Second, even when goals are
stated, the list may not be exhaustive; the program
often alms toward obJjectives not included among its
"officlal" goals. ‘"Third, most programs are falrly
complex, with different parts doing different things.
It is difficult to declde how the subgoals of each
program part Interact to accomplish the overall goals
of the program. Finally, good evaluative research
must be as concerned with why things happen as with
whether they happen. This gqualitative agspect of
evaluation s usually neglected In proportion to the
difficulty of carrying it out, but it is a crucial
part of evaluatlion (Moursund, page 12).
The mathematlics curriculum goal which I attempted to

evaluate during the course of thils inquiry was:
Standard 1: Mathematics as Problem Solving

In grades 9 ~ 12, the mathematics curriculum should

include the reflnement and extenslon of methods of
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mathematlcal problem solving so that all students

can ~-

--use, with increasing confidence, problem-solving
approaches to investigate and understand

mathematical content;

--apply lntegrated mathematical problem-solving .
gstrateglies to solve problems from within and

outgside mathematics;

--recognize and formulate problems from sltuations

within and outside mathematlics;

--apply the procegs of mathematical modeiing to

real-world problem situations.

Daniel Stufflebeam attributes the “sickness" of
evaluation to five major problems. The first contributor
is that of definition; evaluation can be defined in many
essentlally arbitrary ways, each of which affects the
method of evaluation and perhaps the resulting Judgements
and conclusions. Three partlcular definitions have galned
common acceptance: the measurement definition; the
congruence definition; and, the judgement definition. Each
definition has certaln advantages and disadvantages. The
gsecond problem In evaluation s one of decislon making.

Evaluation is8 an action-related process In the sense that
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an actlon referent ls Implled In every evaluation actlvity.
Stufflebeam believes evaluation Is in difficulty because
knowledge of the declislon-making process and of the
methodologies for relating evaluation to decislon making is
woefully I[nadequate. The third major problem area of
evaluation concerns values and criteria. Data collection
alone does not constitute evaluation; there is always a
need to make Jjudgements about the data in terms of some
implicit or explicit value structure. Rather than asking
only whether or not objectives are achieved, the question
becomes how well they are achleved. The Introduction of
values creates a number of problems. A fourth maljor
problem area is that of levels. The problem of levels
stems from the fact that the evaluator’s traditional point
of focus has been the lndlvidual student, the classroom,
the school bullding rather than the school district, the
gstate system or the natlonal network. Many evaluators
today are faced with problems at hlgher, broader levels.
The final major problem area l1s that of the research model.
Perhaps the greatest challenge facing the evaluator is
overcoming the ldea that evaluation methodology |Is
identical to research methodology. Equating the two makes
it impossible to meet certaln needs which are served by
good evaluation (Stufflebeam, et al., 1971).

There are sSeveral simpler, more obvious problems |in

program evaluation. These include: cost, limited amounts
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of avallable time, lack of interest and commitment on the
part of those involved [In the evaluatlion, reluctance or
inabllity to Institute change, as well as a general

tendency to fear or distrust evaluation results.

Planning and conducting evaluation studies

Before beginning the evaluation study, the evaluator
should first consider a needs asgessment. "The purpose of
a needs assessment {3 to ldentlfy the goals for which a
program should strive, goals that are Important to soclety,
not currently being achlieved, and potentially feasible"
(Kosecoff & Flnk, page 27). After completing the needs
assessment, the evaluator should begin work on the
management of the evaluation studies. Thlis activity should
begin before the evaluation ls Implemented, and continue
until the evaluatlion Is completed. Every evaluator must
learn to establish schedules which monitor the activities
of the evaluation. Any evaluation, large or small, must
provide information which will accurately describe what the
evaluation program is, what 1t does, and how well it does
it. Kosecoff and Fink (1982) offer a set of evaluation
gulidelines which can be used to design a new evaluatlion or
to Jjudge the credibility of an evaluation study done by

others.

Gulidel ine 1: An evaluation must ask gpecific

questliong or test hypotheses about a program.
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Guldel ine 2: Limit evaluatlon guestions to those
that will provide useful Information for the people
who expect to act on it.

Guidelline 3: Every evaluation should ask questions
about outcomes.

Guldellne 4: Evaluations of large-scale programs
should always ask questlons about costs and
generalizability.

Guideline 5: Standards of program merit should be
set for each evaluation question.

Guideline 6: Standérds of merit must be set before
an? data collection begins. |

Guidel ine T Evaluation standards must have
sclentific valldity.

Guideline 8: Select a design sulted to each
evaluation question.

Guideline 9: for evaluation questions dealing with
important issues or large-scale studles, use a design
that establishes causallity.

Guideline 10: For each question, select a sample
representative of the population to which the flndings
will be appllied.

Guideline 11: Sample size should be determined by the
extent of the effect that 1Is considered to be

meaningful.
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Guldellne 12: Use Instruments that are rellable,
valid, and sulted to the evaluation question.
Guidellne 13: Use more than one method of collecting
information when assessing important |ssues.

Guideline 14: Keep data collection as unobtrusive as
possible.

Guideline 15: Use analysis techniques that are
technically sound and sulted to the quallty of the
data.

Guideline 16: Interpret analysis results In terms of
the evaluation questions and standards.

Guldeline 17: Report techniques and results so they
are meaningful to both the layperson and the
professional.

Guideline 18: An evaluation report should answer the
evaluation questlons and explaln how each was arrived
at.

Guideline 19: Offer recommendations only on those
aspects of a program that the evaluation |is
gspecifically designed to study -- and then only |{f
asked to do so.

(Kogsecoff & Fink, page 49-64)

In the design of thls lnquiry, this Investigator has
endeavored to conform to each of these guidelines with the
exception of guideline 4 and guldeline 9 which do not seem

appropriate for this study. Since Gulidellnes 16 - 19 deal
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with analysis, interpretation, and reporting the results of
evaluation, they were used to gulde the final stages of

this program evaluation.

Analyzing and interpreting evaluation information
All evaluations accumulate data that need to be
analyzed. Kosecoff and Fink have said:
The difference between an effliclent evaluation and an
inefficlent one 1Is that the former collects and
analyzes just what s needed to answer the evaluation
questions, while the latter may not collect enough
relevant data but iInstead, gathers information that is
not really targeted to the program. One way of
ensuring efficlency lIs to focus on the evaluation
question (page 177).
The evaluation questions shape the entire evaluation, and
the evaluator should choose analysis methods which will
answer the questions directly.
The following questions were used to guide this

inquliry:

1. To what extent iIs the criteria of Standard i
being satisfied by the current mathematics

curriculum in grades ¢ - 12?

2. What are the changes percelved to be necessary
before the curriculum recommendations found in

Standard 1 can be fully lmplemented?

3. What are the factors which may inhlbit or
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enhance the Implementation of NCTM’s
vision for a more relevant and useful mathematics

curriculum within a typlcal school?

The first step in the analysis and interpretation of
evaluation Informatlon is the organlizatlion and
summarization of data. The alm' is to glve a reader not
only the main results of an evaluation study but the full
range of findings. There are several analytical technlques
which glve answers to commonly asked evaluatlion questions.
Those technliques Include descriptive statistics,
correlations, and regression analysis. Once the analysis
has been completed, the evaluator can beglin to Interpret
the results. Some questions typlcally asked concern
program merit, design strategy and sampling procedures, and
valldity of information collection and analysis.

Interpreting results also linvolves distinguishing
between statistlical and programmatic signiflicance.
Statistical significance tells you whether an outcome makes
a differen;e in terms of program goals -- that s, whether
the outcome Justifies the time, and effort. According to
Kosecoff and Fink (1982):

Statistical signiflicance and programmatic signiflicance

are analogous to rellability and validity. Like

reliability, statistical signiflcance is a measure of

precision; llke validity, programmatic significance Is
a measure of efflcacy and cogency (page 187).
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Finally, analytlcal resul‘ts point to recommendations as to
how to improve or certify the effectiveness of a program.
The evaluator, however s not always expected to provide
- those recommendations while those being evaluated certainly

have no obligation to comply with those recommendatlons.

THE ROLE OF EVALUATION IN MATHEMATICS CLASSROOMS
The National Council of Teachers of Mathematics 1in
their 1961 Yearbook state:
The evaluation of |Instruction has been called the
quality control of the education program. It igs a
means by which the quallty of our mathematics programs
can be constantly Improved. Through evaluation
actlivitles we chart the present achievement of our
students and measure the progress they have made In
the desired direction (page 1)>.
Evaluation 1Is an esgsgsential part of the mathematics
curriculum at every level and should guide the instruction
and learning of all students. An effective evaluatlion can
serve many purposes, among which are: to Iimprove the
instructional program 1In the school, to enhance the
-effectiveness of mathematics teachers, to ald the learning
of mathematics, and to furnish valld data for research.
The National Counclil of Teachers of Mathematics has stated
that the evaluatlion of the instructional program in

mathematics has become more important durlng the last two

decades because of these recent developments and pressures:
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~--New mathematics curricula are belng advocated and

tested by experimentation and research.

--New mathematics content 1s avallable and Is being

proposed for inclusion at several levels of

instruction. |

--New devices and materlials of Instruction, such as

computers and calculators, are now avallable to our

schools.

~-New principles of learning are being emphasized in

the presentation of mathematical concepts.

~--Soclety 18 demanding greater mathematical competence

of all citizens than ever before.

--Natlonal survival may depend upon the development of

new mathematical concepts.
Evaluation becomes even more Indispensable when we commit
ourselves to the task of having each pupll achleve his
optimum potential Iin mathematics. It can serve to improve
the effectiveness of Iinstruction in many different ways.
Evaluation can establish levels of learning and locate a
student at a level sultable for his current status in
mathematics. It can help to provide data which can be used
in the selection of materials, modes of lnstruction, and
the organization and content of curriculum goals.
Evaluation can help sStudents learn mathematics more
effectively by providing insight into how students learn as

well as what motivates them to learn.
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The Assoclatlion for Supervision and Curriculum
Development stated in 1967 that:
Accurate assessment of educational ocutcomes is
essential for sound planning and effectlve stimulation
of growth iIn our educational structure. Assessment
has always been an Iintegral aspect of curriculum
development and Is a major responsibility of
curriculum workers. This responsibility iIs especially
critical in a time of awakened public concern, massive
federal commitment and wlidespread professional
reappraisal of our educational endeavors (page v).
These comments are Just as valld today. Evaluation,
according to the ASCD s feedback -- feedback which
conditions what happens next In a school, or classroom.
Thus the test of a good evaluatlion depends upon whether |t
gsatisfies the following basic criterlia: (1 Evaluation
mugt facllitate self-evaluation; (2) Evaluation must
encompass every obJjective of the school; (3 Evaluatlion
must faclilitate learning and teachlng; (4> Evaluation must
produce records appropriate to the purpogses for which
records are essentlial; and (5 Evaluation must provide
continulng feedback into the larger questions of curriculum
development and educational policy. It seems unlikely that
any school system will ever devise a program of evaluatlion
that will meet all five of these criteria. However, what
we must reallze is that evaluation involves much more than

measurement. According to The Association for Supervlslbn

and Curriculum Development (1967):
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If the evaluation ls of sufflclent scope and If It Is
handled through an interactive process, 1t has this
clarifylng, renewing effect upon learners, teachers,
higher educational offlicers, and public alike. It
helps everybody who is lnvolved to think more clearly
about what he is after and how he is getting along.
In the 1long run, then, a high-quality evaluation
program {s the surest guarantee a learner, a teacher,
or a school system can have of the ablility constantly
to envisgion vallid objectlives, plan for their
achievement, look successes and fajlures in the eve,
and develop new plans as these are needed (page 9).
Thomas L. Good and Bruce J. Blddle (1988) argue that
evaluatlion has the capacity for geheratlng
empirically-based insights concerning the causes, conduct,
and consequences of teaching, and that those insights can
be used by educatprs to Inform the decisions they make when
planning or evaluating innovations 1in schools. Those
insightgs can help educators to resist the enthuslasms of
vendors who are trying to sell an educational product.
They can lead educators to understand why certaln teaching
gtrategies are effective with some groups of puplls and
ineffective with others. And flnally, they can provide
Information useful for antlicipating, measuring, or
interpreting the outcomes of Innovations. In short, Good
and Biddle argue that schools and educators make more
gsensible decisions, that resources are saved and
mathematics education is possibly improved, when the normal
processes of educational lnnovation are supplemented by the

ingsights arising from evaluation (Grouws & Cooney, page

120).
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During this examination of relevant evaluation
literature, several program evaluations were reviewed.
However none were found which matched exactly the type of
program evaluation which this Investigator planned to
attémpt. One mathematics program evaluation of Interest
was done in 1985, by the Anne Arundel County public
schools, in Annapollis, Maryland. The model- which was
designed to evaluate curriculum programs, provided for the
evaluation of three phases of a program: the curriculum;
implementation of the curriculum; and students’
performance, attitudes, and later success. The model
provided a comprehensive view of a program which went
beyond the scope of evaluation models previously used.
Within each phase of the model, a series of broad research
questions were generated to guide the evaluation design.
The evaluation resulted In a set of specific program
recommendations and significant program changes which are
ongoing and aré monltored annually. These are some of the
questions which were asked concerning the mathematics
curriculum: |

~--Does the mathematics curriculum reflect current trends
in curriculum development and current research in
learning and instruction?

--Does the mathematics currlculuﬁ match students’
cognitive development at each grade and age level?

--Does the mathematics curriculum meet students’
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diverse needs and characteristics?

--Are the mathematics content, skills, and learning
outcomes appropriately sequenced and balanced?

--Is the amount of time devoted to mathematics
Instruction, kindergarten through grade twelve,
sufficient and balanced with other content areas?

--Are the inservice opportunltlies avallable to teachers
sufficlent to Insure that the mathematics curriculum

is implemented to the fullest?

The questions were answered by collecting Information from
geven sSources; consultants, a survey of current students,
gsurvey of former students, survey of school sgstaff, high
school achievement data In mathematics, and other data
previously collected which was avallable to the school
system.

Another study was done by Eugene Mullier at Columbia
University and was an evaluation of a Science/Mathematics
glfted education program for Jjunior high students. The
main focus of the study pertalned to the math, sclience, and
computer Science performance 6f the 7th grade class,
entering the fall of 1983. The evaluatlion was directed at
determining the cogﬁltlve and affective changes that would
indicate student growth and posi-.ve effects of the
program, and determining what aspect of the program could

be improved.
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Of major Interest to thls Investigator was a study
done in 1980-82 by the International Assoclation for the
Evaluation of Educational Achlevement. In the study, known
as the Second International Mathematics Study or SIMS,
detailed information was obtained on the content of the
implemented mathematics curriculum, what mathematics was
actually taught by the teachers, and how that mathematics
wag taught. Eleven countries participated In SIMS, and in
the United States, students In approximately 500
mathematics clagsrooms (n about 250 public and private
schools randomly selected from across the country were
tested at the end of the 1981-81 school year. The SIMS
stu}dy is based on a model that views the curriculum as
intended, as implemented, and as attalned. Consequently,
patterns of achievement may be examlned against a
background of detailed information on the content of the
curriculum both as intended to be taught and as actually
taught. Such detalled curricular data may be useful to
curriculum supervisors and evaluators, for example, as they
assess present curricula, plan new programs and seek to
document the extent to which curricular I{nnovation has
taken place. The kinds of data which may be obtained from
SIMS replications include: a.> background data of a great
variety, Including characteristics of schools, teachers and
students; b.> curricular content data concerning what

topics are In the currliculum for each target population;
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and c¢.) teacher coverage data, concerning which students
recelve what course coverage.

Much of the evaluation in the United States Iinvolves
testing of general intellectual development or aptltude
which is often used as criteria for school achievement or
effectiveness. SIMS, by contrast, focuses on the
mathematical content of the curriculum, as found in the
gsyllabus or textbook, as taught by the teacher and as
learned by the student. SIMS, more that any other program
evaluation reviewed by this Investigator, most nearly
approaches the type of educational evaluation which was

performed durlilng this lnquiry.

Current mathematics lnstruction has become sgtagnant;
the choices now being made by mathematics educators will
affect an entire generation of students, not only in
determining what mathematics they will learn, but also how
they will learn and perhaps, more Importantly, how much
they will learn. Evaluation s the means we use to
discover where we stand on the path between present
experience and the deslred objectlve. Effective evaluatlon
can yleld a better understanding of the learning of
mathematics and can provide more adequate models for the
lmprovement of its ingtruction. Only then can we hope to

move forward in our attempts in mathematics education.
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Evaluation 1Is a <complicated, sometimes painful
process. However, it holds great promise for providing
educators with badly needed Iinformation which can be used
to improve the process of education. When used properly,
evaluation can have a profound Iimpact on the fleld of
education. This case study began as a program evaluation
and compared pre-existing problem solving practices for an
existing curriculum with those recommended by NCTM.
However, it also focused upon the dynamics Iinvolved as

change occurred within an existing mathematics program.

Evaluation research, not a new but nevertheless
an increasingly robust enterprise, can have a
major Iimpact on social problems. Whlle It would
be foolish to argue that all the deficiencies of
current programs or all the political and
conceptual problems can be swept away by
evaluation studies, the adequate assessment of
existing and innovative programs can be a vital
force in directing social change and improving
the 1llves and the environments of community
members.

Francis Caro, 1971
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CHAPTER II1
METHODOLOGY

Evaluation iIs not a search for cause and effect,

an Inventory of present status, or a prediction

of future success. It is something of all of

these but only as they contribute to

understanding substance, function, and worth.

Robert E. Stake & Terry Denny, 1969

In 1989 The Natlional Council of Teachers of
Mathematics wrote the followlng:

The fourteen standards developed by NCTM for grades 9

through 12 establish a framework for a core curriculum

that reflects the needs of all students, explicitly

recognizing that they will spend their adult i1ives in

a socjiety Iincreasingly dominated by technology and

qualitative methods (page 123).
At the very center of this core curriculum 1s the concept
of mathematical problem solving, which should be the focus
of school mathematics.

Therefore, the purpose of this emergent case study was
to evaluate the current status of problem solving in a
typlcal mathematics curriculum, and to examine the process
involved In the implementation of the recommendations found
in NCTM“s Standard 1: Mathematics as Problem Solving. The
intent of this Investigation was not to determine whether

implementation of NCTM‘s Standards will or can bring about

the desired reform in mathematics educatijon.
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Unfortunately, that type of conclusion Is beyond the scope
of this study, and perhaps will not be known during this
decade. Rather, the main purpose of this lnvestligation was
to determine whether implementation can take place and how
teachers react to percelved change within the mathematics
curriculum. More specificaliiy, the following questions

were ugsed to gulde the inquiry:

1. To what extent are the recommendations of
Standard 1 not belng satisfled by the current
mathematics curriculum In grades 9 - 12 in

a specifled high gschool?

2. What are the changes perceived by teachers
to be necessary before the curriculum
recommendations found in Standard 1 can

be Implemented?

3. What are the aspects of current mathematics
education which may inhiblt or enhance
the implementation of NCTM’s vision for
a more relevant and useful mathematics

curriculum within a typical school?

The NCTM Curriculum and Teachling Standard which has
been selected by this investigator to guide this program

evaluation is:
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Standard 1: Mathematics as Problem Solving

In grades 9 - 12, the mathematics curriculum should
include the reflnement and extension of methods of
mathematlical problem solving so that alil students

can --

--uge, with increasing confidence, problem-solving
approaches to investigate and understand

mathematlical content;

~--apply integrated mathematical problem-solving
gtrategies to solve problems from wlthlh and

outside mathematics;

--recognize and formulate problems from situations

wlthin and outside mathematlics:;

--apply the procesgs of mathematical modellng to

real-world problem situations.

During the evaluation of Standard 1i: Mathematics as
Problem Solving, this investigator utilized those
Indlcators of quallty for Standard 1 which were developed
by the Center for Educatlional Research and Evaluation at
UNC-G for the evaluation of mathematics programs. Those

indicators are:

Standard i: The curriculum provides gstudents with the

opportunity to engage in problem solving.
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1.1 The currlculum provides students with the

opportunity to solve problems on a regular basis.

1.2 The curriculum provides students with the
opportunity to define problems from everyday

life as well as mathematical situations.

1.3 The curriculum provides students with the
opportunity to develop and carry out plans to

solve a wide variety of nonroutine problems.

1.4 The currliculum provides students with the
opportunity to look back at the original problems

to verlfy and interpret their results.

1.5 The curriculum provides students with the
opportunlity to generallize solutlons and

gstrategies to other situations.

An assessment of the abllity of students to use with
increasing confidence, problem solving approaches to
invegstigate and understand mathematical content was
completed in the following manner: comments found In
individual teacher Journals, examples of student work from
the teacher'portfollos, and the examination of the results
of a problem solving attlitude assessment survey for

studentsg.
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The procedures for this study are discussed under
three major headings: (1> evaluatlion setting, (2)

evaluation plan, and (3> data analysis.

Evaluation Setting

This Investigator has obtalned permission from the
administrative office of the Caldwell County Schools to
conduct this study. South Caldwell High School (SCHS) is a
rural high school, located in the southern part of Caldwell
County. Built to accommodate the consollidation of two
smal ler community high schools, SCHS, a modern attractive
facility, opened its doors In 1977. With a building
capaclty of 1100 and a current enrollment of 1141, South is
experlencling overcrowding and all the Inherent problems
caused by too many students and not enough space.

The mathematics department at SCHS consists of nine
faculty members, three males and six females, with seven of
the nine each having more than flfteen years teaching
experlence. As one of the nine members of the South
Caldwell mathematics faculty, this investigator was a
participant-observer in this study. As sguch, this
investigator not only participated in all activities
involved with this study while observing the processes
Iinvolved, but additionally when necessary, assumed the role
of facilator. However, lnformation from this investigator

was not Iincluded In data collection, accumulated data
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results, or data analysis as'a precautionary effort not to
influence the outcome of the study. Therefore data was
gathered from the remaining eight mathematics teachers
only. The current mathematlics enrollment at South Caldwell
is 895 students, excluding those students in sgpecial
education classes. The course selection iIn mathematics at
South Is qulte diverse and ranges from General Math to
College Calculus. Students at SCHS typically score twenty
points above the state SAT average of 440, and complled a
1990 average score of 462 on mathematics with 41% of all
seniors participating. However, since the average SAT
score in North Carolina is well below the National average,
SAT scores have been targeted by the school’s Senate Blll 2
committee as an area for needed Iimprovement.

The eight members of the South Caldwell High School
mathematics faculty were asked and all agreed to
participate in the evaluation of the current mathematics
curriculum with regards to the NCTM Curriculum and Teaching
Standards of school mathematics In grades 9-12. They were
made aware that the standard which ~was selected for
currlculum assessment was Standard 1: Mathematics as

Problem Solving.

Evaluation Plan
The evaluation phase consisted of four categories:
(1) preparling to evaluate; (€2) program evaluation, or the

actual assessment of problem solving opportunities within
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the present curriculum, Including recommendations for
change; (3) Iimplementation of Standard 1; and, (4) post
implementation. Procedures for gathering data are based on
gseveral sources which discuss ethnographic research
(LeCompte & Goetz, 1980; Bogdan & Bllken, 1982; Fetterman,
1988; Patton, 1980). Data sources consisted of a
qualitative/quantitative mix as this program evaluatlion
endeavored to document both quantlitative and qualitative

program outcomess.

1. Preparing to Evaluate

Change is not only difficult, but often Iimpossible.
If change Is to occur in mathematics educatlion today, then
we must understand those factors which could enhance or
inhibit such lInnovation. Therefore, I began my
investigation wusing qualitative data to constfuct an
accurate picture of the South Caldwell mathematlics teachers
and their Impressions of both the present mathematics
curriculum and those recommendations presented by the NCTM
Standards. This investigator utillzed a questionnalre to
collect background information from each teacher (such as:
years of experience, educational background, personal
definition of curriculum, etc.)> , while teacher impressions
and opinions toward the NCTM Standards were obtained
through an open-ended Iinterview. The focus of these

questions was to determine teacher attitudes toward the
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process of change. These are the questions which were

answered:

1. What are your personal feellngs regarding the

teaching profession?

2. What are your personal opinions concerning the status

of mathematics education today?
3. How do you respond to outside demands for change?

4. How do you determine the lndividual course curriculum

for each of your classes?

5. What Is your initial response to the NCTM

Curriculum and Teachlng Standards?

6. What factors do you personally feel will enhance/
inhibit the Implementation of the NCTM Curriculum

and Teaching Standards?

I believe this qualitative data collection helped create a
complete picture of the views and attitudes of the
particlpants. (A follow-up interview was used to determine
teacher impressions after the implementation of Standard
1.0

Since the purpose of this case study was to evaluate
the current status of problem solving in the South Caldwell
High School currliculum and to examine the degree of

congruence between thls currliculum and the recommendations
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for problem solving found iIn NCTM‘s Standard 1, It was
necegsary for the teachers linvolved [n the study be
famillar with those Currlculum and Teachlng Standards and
the method which were scheduled to be used to evaluate
thogse recommendatlions of Standard 1. Since seven of the
eight teachers were not famillar with the NCTM Standards,
this investigator held a focus group work session of all
elght mathematics teachers involved, during which each of
the fourteen Standards were discussed In the following
manner: percelved Importance within the present
mathematics curriculum; methods which individual teachers
could use for implementation; and, changes perceived to be
necessary before complete implementation might be achlieved.
This meeting served to familiarize teachers with the
Staqdards and to generate an informal comparison of the
pre-existing curriculum and the type of Instruction
advocated by the Standards. A complete explanation of the
results of the focus group dlscussion summarizing teacher
comments concerning all fourteen Standards can be found in
Appendix C.

Since several terms found in the quality Iindicators
which were being used during the evaluation have various
interpretations, a second focus group was held for the
purpoge of determining consensus definitions for the
following terms: curriculum, problem solving, on a regular

basis, mathematics 1In everyday life, and nonroutine
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problems. These definitlons were used for the duration of
the case study. Following the formulation of the
definitions, each lIndividual teacher was asked to keep a
Journal for the duration of the evaluation period, in which
they were asked to document their impressions of Standard
implementation, and thelr corresponding views toward the
NCTM Standards and the evaluatlion in generai. The Jjournal
should have begun with their initial reaction to the
Standards and should have concluded with their reflections
of the Standards and the evaluation, once the evaluatlion

was completed.

2. Program Evaluation

The assessment of the congruence of the pre-exlisting
curriculum and NCTM Standard 1: Mathematlics as Problem
Solving, was done in the following manner:

Individual teachers were asked to complete a checklist
(see table 1), which consisted of detailed self-reporting
of whether the pre-existing curriculum allowed students the
opportunity to engage in solving a variety of routine and
nonroutine problems on a regular basls, whether the
problems defline everyday 1ife, whether the students verify
and interpret their results, and whether students
generalize strateglies to other situations. On this initlal

checklist, indlvidual teachers responded on a llkert scale

from 1 to 5, where: 1 = never, 2 = seldom, 3

occasionally, 4 = frequently, and S5 = on a regular basis.



TABLE 1

Individyal Cyrriculum Inventory Checkligt

To be completed at the beginning and at the end
of this program evaluation.

Teacher:_i

Standard 1: The curriculum provldes students with the opportunity
to engage in problem solving.

Use a scale from i to 5

Where: 1 = never, 2 = seldom, 3 = occaslonally,
4 = frequently, and 5 = on a regular basis.

TEACHER CHECKLIST

Standard Indicators:

Scale

3

The curriculum provides
opportunities for
gtudents to:

Solve problems on a
regular basis.

2

Define problem from every
day life as well as from
mathematical situations.

Define & carry out plans
to solve a varlety of
nonroutine problems.

Verify & interpret thelr
results.

Generalize solutions and
gtrategies to other
gituations.

e e e e
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Individual checklists were returned to the evaluator, who
used the data to compile a group profile (see table 2)
which indicated by an average of those responses to each
of the individual questions on the checklist the degree to
which the mathematics curriculum was uéed to provide
problem solving activities for students. The group profile
sheet was used to indicated the congruence of the original
mathematics curriculum and Standard 1.

Following the completion of the curriculum inventory
and the group profile, the evaluator conducted a third
focus group with the eight members of the mathematics
faculty. The group discussed existing problem solving
practices, recommendations for change, and began worklng
together to develop the necessary strategies which might
guide them toward congruence with the recommendations of
Standard 1. The discussions of the focus gréup were taped

and transcribed. The followlng questions were answered:

1. Does the current currlculum provide students with

the opportunity to engage in problem solving?

2. How often do students engage in problem solving?

--Is it on a weekly basis? dally basis? etc.
3. I8 there a varlety of nonroutine problems?
4. Do students generalize solutions and strategles?

S. What recommendatlions were made as a result of the



TABLE 2

Group Profjle For Curriculum Inventory

Scale: 1 to 5

Where: 1
4

STANDARD 1:

never, 2 = seldom, 3
frequently, and 5 = o

occasionally,

n a regular basis.

The curriculum provides students with the

opportunity to engage in problem solving.

Standard Indicator:

The curriculum provides
students opportunity to:

O £ 2
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Average

of all
scores for
this

indicator

Solve problems on a
regular basis

-

- — - — e — ——

Define problems from
everyday life as well as!
mathematical situationg |
i
|

Define and carry out
pians to solve a varlety
of nonroutine problems

Verify and interpret
their results

Generalize solutions
and strategies to other
gjtuations
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Group Proflile for Curriculum Inventory?

3. Implementation of Standard 1

This bhase of the program evaluation congisted of the
attempt to implement Standard 1. When the group profile
checkllst indicated that problem solving was not being done
in the current curriculum on a regular basls,
recommendations for change were made. As soon as
recommendations were made, teachers were asked to provide
students in each of their classes with problem solving
activities. All eight teachers began an Implementation
perlod, during which time they were asked to complete
weekly checklists, detalling problem solving activities
which were completed each week, to maintain individual
Journals, detailing reaction to each problem solving
activity, and to maintain a portfolio of student work,
contalning one dated example of each problem solving
exercise. (A copy of the weekly checklist for teachers can
be found in Table 3.) Teachers were asked to answer ‘yes’
or ‘no’ to each indicator on the weekly checkilist since for
the short time interval involved during any specliflic week,
they either satisfled each individual Indicator or they did
not.

At the end of each week, teachers met with the
evaluator in weekly focus groups in order to determine the

amount of progress belng made toward the iImplementation of



TABLE 3

Weekly Individual Checklist

Teacher: #

Standard 1t The curriculum provides students with the
opportunity to engage in problem solving.

Teacher Checklist

Standard Indlcator:

The curriculum provides students
opportunjtjes to:

C
5

Solve problems on a regular basis.

Define problems from everyday life as
well as mathematical situations.

Define and carry out plans to solve a
a variety of nonroutine problems.

Verify and interpret their results

Generallize solutions and strategies to
other situations.

u—_——-.—-_’——.-——__—-——_—’._—_.

Number of positive responses:

e T S B B e it R SRR S
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Standard 1. The evaluator charted progress on graphs with
a horizontal axls varlable of “time,’ gliven in weeks and a
vertical axls varlable of “number of positive responses’
given on the weekly individual checklists during the week
in question. The evaluator used the examples of student
work found In the portfolio to verify the data found on the
weekly Individual checklist. This phase of the program
evaluation was set to continue for an indefinite period of
time (not to exceed one semester) and to cease when this
evaluator was able to conclude that no additional progress
could be made toward the Iimplementation of Standard 1:
Mathematics as Problem Solving. The criteria available for

use ln making such a determination were:

1. Standard 1 has been implemented and has
become a continuing aspect of the mathematics

curriculum at SCHS.

2. Standard 1 has been Implemented as completely
as iIs possible under existing conditions and

curriculum expectations at SCHS.

3. Weekly graphs indicate the number of indicators
with posgsitive responses for problem solving
activities have ceased to increase, or have

actually begun to decrease.

4., Teacher Journals and weekly graphs indicate
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implementation of Standard 1 1s not possible.

An assessment of the ablillity of students to use, with
lnéreaslng confidence, problem-solving ‘approaches to
Investigate and understand mathematical content was done
using the following information: data from the individual
teacher journals, examples of problems from the portfollios
containing student work, and the results from a survey used

to assess student attitudes toward problem solving.

4, Post Implementation
The last phase of data collection began with another
serles of indlvidual Interviews. These are the questions

which were asked:

1. What are you present perceptlons of the NCTM
Standards in general, and Standard 1 in

particular?

2. Have your perceptions of problem solving changed

during this study?

3. Can mathematics education be improved by

implementation of the NCTM Standards?

4. What factors will inhibit the implementation of
the type of mathematlcs curriculum advocated by

the NCTM Standards?

S. Can the NCTM Standards be implemented Into the
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present mathematics curriculum?

6. What were the benefits / lliabilities of this

program evaluation?

7. Will this program evaluation Impact the mathematics

curriculum at SCHS?

Teachers were asked to compléte the Iindividual Jjournals,
detalling their impressions of the evaluation perliod, the
frequency of problem-solving activities, student reaction
to each activity, along with recommendations and planning
strategies.

The post implementation period concluded with a final
focus group of all participating teachers held for the
purpose of discussing the perceived success of the attempt
to Implement Standard 1 Into the existing curriculum. The
following questions were answered:

1. Was the Implementation of Standard 1 successful and

complete?

2. If the implementation of Standard 1 was not complete,

what were the inhiblting factors?
3. How did students react to the change in curriculum?

4. What problems were encountered during the attempt

to implement Standard 17?

S. Did teacher perception of Standard 1 change during
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the course of this study?

This program evaluation was set to adhere to the
proposed evaluation activity time-table found in Table 4
and Table S. As indicated in the tables, the first four
weeks of the evaluation were used for Individual
interviews, formulation of definlitions to guide the study,
and assimilation of data collected during the interviews.
Implementation of Standard 1 began during week five and was
gset to continue for an indefinite period, not to exceed one
gsemester. The last phase of the program evaluation lasted
four additional weeks and was used to perform the second
individual interviews, to hold one last focus group, and to

analyze all data which had been collected.

Data Analysis

The purpose of this case study was to evaluate the
current status of problem solving in a mathematics
curriculum in a typlical high school, and to examine the
process involved In the implementation of the
recommendations found in NCTM‘s Standard i1: Mathematics as
Problem Solving. The following questions were used to

guide this program evaluation:

1. To what extent are the recommendatlions of Standard
1 not being satisfied by the current mathematics
curriculum In grades 9 - 12 In a specified high

school?
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TABLE 4
Propoged Evajuatjon Activity Time-Table #1
Preparing to evaluate:

WEEK ONE - Individual Interviews.
FOUR: Focus Group, formuiation of definitions.
Agsimilation of information from interviews.
Focus Group, discussion of NCTM Standards.

WEEK FOUR: Curriculum assessment through individual checklists.
Teachers maintain individual Journal.
First group profile for curriculum inventory.
Focus Group, discussion of Curriculum Inventory Profile,
Including recommendations for change.

Impliementation of Standard 1:

WEEK FIVE: Teachers begin implementation period.
Teachers maintain individual Journal.
Teachers maintain portfolio of student work.
Teachers complete weekly checklist.
Evaluator completes problem solving progress graph.
Weekly Focus Group.

WEEK SIX: Implementation period continues.
Teachers maintain individual journal.
Teachers maintain portfolio of student work.
Teachers complete weekly checklist.
Evaluator completes problem solving progress graph.
Weekly Focus Group.

WEEK...X: Implementation period ends.
Teachers maintain individual Journal.
Teachers complete second curriculum inventory checklist.
Return checklist and portfolio of student work to
evaluator.
Second group profile for curricuium inventory.
Evaluator completes problem solving progress graph.
Teachers administer Problem Solving Student Attltude
Agsesament Survey.
Weekly Focus Group.

Post Implementation:

LAST FOUR- Second individual interview.

WEEKS: Final Focus group.
Examination of completed Journals and portfolios of
student work.



TABLE 5
Propoged Evaluation Activity Time-Table #2

Preparing | | Post
To evaluateli Implementation period | Implementation
| |
WEEK | WEEK WEEK WEEK... WEEK | LAST 4
ACTIVITY 1-4 | 5 6 7 X | WEEKS
Individual
interviews: X

Focus groups (2): X

First
Curriculum X
Inventory:

Group profile
for curriculum

inventory: X

Individual

Journals: X X X X X X
Standard

implementation: X X X X

Weekly checklists: X X X X
Portfollo of ‘

student work: X X X X

Weekly graphs: X X X X

Second curriculum
inventory checklist: X

Second group proflle for
curriculum inventory checklist: X

Second individual interview:
Final focus group:

Student Attitude Assessment Survey:

xX X X X

Examination of data :
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2. What are the changes percelved by teachers to be
necessary before the curriculum recommendations

found in Standard 1 can be implemented?

3. What are the aspects of current mathematics
education which may inhibit or enhance the
implementation of NCTM’s vision for a more
relevant and useful mathematics curriculum in a

typlical school?

This investigator attempted to determine the Inherent
reasons for or against, as well as the types of changes
necessary for, the Implementation of a revised curriculum
through individual teacher lInterviews, before and after the
attempted implementation of Standard i, and through weekly
focus groups of all teachers involved in this study. All
Individual Interviews and focus group discussions were
taped and transcribed, while all tapes, notes and
documentation from participant observation, interviews and
focus groups were reviewed for common attitudes, blases, or
interpretations concerning NCTM‘s Standard 1 and its
Implementation. Each lndividual Jjournal was reviewed for
commonalities as well.

The first group profile checklist (see Table 2) for
curriculum Inventory was used to indicate the degree to
which the pre-existing curriculum satisfled the

recommendations of Standard 1. Since S = on a regular
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basis, If the group average from all elght teachers for
each of the five indicators for problem solving was found
to be at least 4.5, this evaluator will have concluded that
the mathematlics currliculum under study satisfled the
recommendations of Standard 1.  (A discrepancy between the
pre-existing curriculum and the recommendations of Standard
1 would have been indicated by any group average less than
4.5.) 1If the recommendations of Standard 1 were not being
satisfled, the evaluator will have assessed the amount of
discrepancy using the average of all eight responses for
~each Indlcator, and will have endeavored to direct
appropriate curriculum changes according to the
recommendations made by the focus group.

During the implementation period, weekly Iindividual
checklists (see Table 3) were used to assess the amount of
progress being made toward implementation of Standard 1.
Indlividual Journals and portfollos containling student work
were used to verify the self-reporting by teachers on each
weekly checklist, Implementation of Standard 1 progress
was indicated on weekly graphs and on a cumulative weekly
progress graph.

Following the Implementation period, a second group
profile checklist (the same checklist was used for the
flrst and second group proflile for curriculum i[nventory,
see Table 2) was used to assess the success of the attempt

to implement the recommendations of Standard {1 into the
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existing mathematics curriculum. If the group average from
all eight teachers for each of the flve {ndlicators for
problem solving was found to be at least 4.5, this
evaluator will have concluded that the attempted
implementation of Standard 1 into the existing curriculum
was successful. A focus group will have been held to
discugss the successful or failed attempt to Iimplement
Standard 1.

Trlangulation procedures were wused |in both the
quallitative and quantitative data (Fetterman, 1989; Worthen
& Sanders, 1987; Lincoln & Guba, 1985; Bogdan & Bilken,

1982), as there are at leagst three sources of information

for each type of data collected as Indicated in Table 6.
At the end of each week, this investigator examined each
teacher checklist in order to determine which Indicators
were being satisfied. When any teacher responded ‘yes’ to
an lIndicator, verification and triangulation was done
through the examination of dated examples of student work,
combined with entrles from Individual teacher Jjournals for
evidence which supported each response. Findings from the
triangulation procedures were dliscussed during the weekly

focus groups.

SUMMARY
The abillity to use mathematics sklills in general and

mathematical problem solving, mathematical reasoning and
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TABLE 6

Irianaujation of Data

DATA COLLECTION

Curricujum assessment for

problem solving.

Teachers impressions, views

and attitudes toward Standard {.

Increased student confidence

In using problem solving.

EVIDENCE

Self-reporting by teachers.
Dated examples of student
work.

Individual Jjournals.

Individual interviews.
Individual Jjournals.

Follow-up interviews.

Portfolio of student work.
Individual Jjournals.

Survey for the assessment of
student attitudes toward

problem solving.
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decision making In particutar, are creating a new vision
for mathematics Instruction and learning 1In today’s
classrooms. New ways of Instruction and new curriculum
concepts must be explored which will provide solutions to
persistent problems and which will ultimately allow all
students to become mathematically powerful. Although the
field of mathematics has changed dramatlically during the
last three decades, the mathematics curriculum of today
does not reflect those changes. School mathematlics has
pbecome an entity which has very little to do with what Is
important in mathematics today. For students, mathematlics
can open doors to careers; however today, more than any
other subject, mathematics fllters students from hundreds
of professional careers. There are many possible steps to
improving mathematlics teaching and learning In today’s
schools. Mathematics educators at all levels have a
responsibility to invest the time and energy necessary to
find ways to communicate the excitement and usefulness of
mathematics to young people, and to devise programs which
will help all students persevere in the learning of
mathematics. We need experimentation and carefully done
follow-up evaluations of new and innovative curricula for
mathematics. Perhaps then we will be prepared to choose
the appropriate path to reform in mathematics education for

the future.
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CHAPTER 1V
RESULTS

In education, we do not march steadily and

unhesgitatingly forward. We repeat not only
errors of the past, but also the
succegses--usually wilthout knowing we are
repeating ourselves. But worse, we regularly

find that the procedures that failed at some time
In the past are successful at a later date, and
the procedures that were successful no longer
succeed.
Stephen S. Willoughby, 1990
The focus of this lnqulry was to assess the current
status of problem golving iIn a mathematics curriculum In a
typical high school, and to examine the process involved in
the implementation of the recommendations found in Standard
1: Mathematics as Problem Solving, developed by the
National Counclil of Teachers of Mathematics 1In their
Teaching and Curriculum Standards for Hiah School
Mathematjics. The procedures for this study are discussed
under three major headings: (1> the evaluation setting,
which will describe the school, the students who attend
this school, and the Individual mathematics teachers which
were selected for participation in this case study, (2)
the evaluation plan, which will detail the methods of data

collection used to document teacher reaction to Standard 1,

the  degree of congruence between the pre-existing
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curriculum probliem solving opportunities and those
recommendations found in Standard 1, and the actual
implementation of Standard 1 Into that’exlstlng curriculum,
and (3 post implementation, which will assess the

attempt to implement Standard 1.

The Evaluation Setting
The elements of the evaluation setting will be
discussed In the followlhg manner: the school, the

teachers, and the students.

The School

South Caldwell High School was selected by the
investigator as the site for thls emergent case study and
permission was obtained from the administrative office of
the Caldwell County Schools to examine the current status
of problem solving In the Caildwell County High School
curriculum. One of three county high schools, South
Caldwell lies nestled among the rolling hills of the
southern end of Caldwell County. The building itself,
located six miles from Lenoir off Highway 321, was designed
to blend with and reflect the mountalinous terraln visible

to the north. Situated on one hundred acres of beautiful

vcountry, the faclllity boasts of 186,700 square feet, and is

the largest educational complex within the county. South
Caldwell is a one-bullding, three level complex, with the

academic center of the school located on the upper level.
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On the east side, the math-science loft contains classroom
centers, Blology labs, a computer lab and separate quiet
and project labs. Language and Social Studles occupy the
west loft. Teacher’s offices and work spaces are clustered
within these lofts offering separate space for small group
discussions and private interviews. Students may be
involved i{n actlvitlies. outside the loft areas without
interference with classes which are In progress around the
perimeter. The Media Center and theater are located at
opposite ends of the third floor.

The second floor houses each of the vocational areas,
while facilitles for the performing arts occupy the first
floor. Both academic and vocational areas feature the
semi-open classroom concept designed around the central
gymnasium and comblination commons-cafeteria area. Carpet
and air-conditioning add to the beauty and comfort of the
complex. (A floor plan of SCHS is Included in Appendix D
of this manuscript.)

Bullt to accommodate the consolidation of two smaller
community high schools, South Caldwell opened its doors in
August of 1977 to a student body of grades 10 - 12.
Uniting two communities and bonding two student
populations, South became a cinderella school, rising up
quickly to achleve academlic and athletic honors and awards
during its first year of existence. Settling down to the

business of schooling, South Caldwell spent the next twelve
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vears lmproving and refining 1ts academic programs while
expanding and supplementing the existing athletic programs
and facilitles. However, 1989 would mean drastic changes
for students and faculty, as the local school board voted
to lInclude the ninth grade at South. With a bullding
capacity of 1100 students and a current enrollment of 1141,
South Caldwell ls llterally bursting at its seams, and |is
currently experiencing all the inherent problems caused by

too many students and not enough space.

The Teachers

Thé mathematics department at SCHS consists of nine
faculty members, three males and six females. As indicated
earller, this Investigator iIs one of the nine mathematics
teachers. As a particlpant observer, this Investigator
took part i{n all activities Iinvolved with this study.
However, Information from this Investigator was not
included in either data collection , data results, or data
analysis. Therefore, data was gathered and complled from
the remaining elght teachers only. Identified in this
study as Teacher # 1, Teacher # 2, etc., the following
interview account for each teacher will help provide
insight 1into the background of each in areas such
education, experience, and teaching attltudes. The
following questions were used to gulide and direct each

individual interview:
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1. What are your personal feelings regarding the

teaching profession?

2. What are your personal opinions concerning the

the status of mathematics education today?

3. How do you respond to outslide demands for change?

4, How do you determine the individual course

curriculum for each of your classes?

5. What is your initial response to the NCTM

Curriculum and Teaching Standards?

6. What factors do you personally feel will enhance/
inhibit the implementation of the NCTM Curriculum

and Teaching Standards?

An account of each Indlvidual interview is provided for
each of the elght teachers followed by a summary of their

combined respongses to the six questions.

Teacher # 1:

Years of teachling experlence: 19

Highest educational degree: BS+

Certification: Mathematics

Current Teaching Assignment: Geometry; Alg I, Part 2;
Consumer Math

Teachlng attitudes: "I llke teaching and would select It

as my career cholice again today. I enjoy my Jjob, vet I
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feel overwhelmed and overworked by too much paper
shuffling. Wouldn‘t it be great to have an alde! I spend
very little time worrylng about all the socletal demands
for reform in mathematics education. I resent those people
outside the clagsroom who think they have all the answers
to all the problems in the classroom today. I try to gear
my teaching methods to demand my students strive to excel
in all areas of math. I believe the current mathematics
program needs enhancement, perhaps requiring three years of
math before graduation. Inadequate teachers need to be
replaced. The curriculum which I teach each day is
determ!ined by end-of-course tests and the textbook. I
believe Senate Bill 2, end-of-course testing and
scholarshipgs for math teachers are all efforts to improve
mathematics education, and I agree with the reasoning
behind all three; they just don‘t seem to be working. I‘m
only slightly famillar with thé NCTM Standards. But I do
not bellevé they can be implemented 'into the present
curriculum; they need explanation and simplification before
teachers attempt to implement them. It’s difficult to know
exactly what some of the Standards really mean. Besldes,
words won‘t cure the lack of mathematics knowledge; good
teachers will. Teachers should work together and be
Involved In the development of new teaching techniques. I
would change the way I teach If it would Improve educatlion,

but not just to raise test scores. But first 1°d need to
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know how to change. Teachers are not magiclans; change has
to be a cooperative effort, with everyone involved and

willing to go the extra mile."

Teacher # 2:
Years of teaching experience: 8
Highest educational degree: BS
Certification: Mathematics and Blology
Current Teaching Assignment: Algebra I; Geometry;

Business Math
Teaching attitudes: "I like helping students succeed. I
really love math -- [t‘s the only subject I would ever
teach. However, due to the pressure teachers reéeive from
the public and the lack of respect from students I would
make a different career cholce today. 1 agree thét reform
is needed in mathematics education, but we can‘t do it all
in high school. Change will have to occur slowly and will
need to begin in the first grade. Students should not be
passed on to the next grade untlil they can demonstrate a
mastery of basic skills. Right now I spend so much time
reviewing concepts students should already know that I
barely have time to teach the baslics. Extra materlal Is
out of the question. My major focus each vear is to finish
the textbook; end-of-course testing requires it to be. I
simply don‘t have time for extra toplcs which could benefit
my students. I have no objectlon to end-of-course testing,

as long as It isn’t used to reflect the quality of teaching
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a student receives. Longer school days and school vears
simply are not the answer. Students and teachers would
only get dlscouraged. Parents, students, the publlic and
teachers must all work together In order to have good
education. I‘m willling to‘try almost anythling to help my
students learn more. But a radical change in teaching
styles would probably cause confusion. The present public
opinion of teachers |s hard for me to handle. Educators
are criticlzed by people who have no ldea what the publlic
school system is like. Students have not been taught to
vaiue learning; they Jjust want to make good grades. There
are no qulick-fix solutions for the problems in today’s
schools, including the NCTM Standards. Basically, I resent
outsiders who want to change the way I teach without
knowing anythlng about |it. Teachers know what problems
exist and their Input should be part of the solution. The
NCTM standards look good on paper, but Iimplementation ls

another matter."

Teacher # 3:

Years of teaching experience: 12

Highest educatlional degree: BS

Certiflication: Mathematics

Current Teaching Assignment: Algebra I; Computer Prog;

General Math

Teaching attitudes: "I truly enjoy the varlety of teaching

since no two days are ever exactly alike. I like teaching
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math and I llke having the freedom to control, for the most
part, what I do in the classroom. I wish there was less
paper work Involved so teachers could spend more time
teaching. I get upset when I think about the way the
teaching profession Is perceived by the general public. I
agree that some change In mathematics education |is
necessary, but I believe much of the reform should occur in
early grades, with more time spent on the basics. At
present, mathematics education seems adequate for the
higher level and lower level students, but average students
are being totally Ileft out; they‘re the forgotten
majority. When I plan the curriculum which I teach lnside
my classroom, I depend on three things: end-of-course
tests, sequencing presented in the textbook, and my own
experience. I think end-of-course testing iIs of no value
and in some ways seems to hurt the overall math program. I
often feel that I need to rush through certain topics Jjust
to get to the end of the book. I don‘t really see a longer
school day or year as a solution, because students and
teachers tend to burnout. I think part of "what’s wrong*
with mathematics education today has more to do with
attitude than actual education. Students simply do not
value knowledge. The NCTM Standards don‘’t address that
problem. I had never heard of the Standards before this
study began. I belleve the Standards probably could be

implemented Into the present curriculum, but not without
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teachers who are willing to make the effort and textbooks
that parallel the type of instruction Iimplied by the
Standards. I have no faith In those persons outside
education who always seem to know Just how to fix every
problem. I would gladly make changes In the way I teach if
I could be assured the students would benefit, but not to
improve test scores alone. Overall, I belileve the NCTM
Standafds are very ideallstic and as such, it would be
difficult to lInclude them 1in the current curriculum.
Before teachers can use these Standards as curriculum
guides by which to teach, they first have to understand

them. That in itself may be a huge task."

Teacher # 4:

Years of teachlng experlence: 19

Highest educational degree: BS

Certification: Mathematics

Current Teachlng Asslgnment: Geometry, AG; Algebra I, AG;
Alg I, Part 1; Alg III/Trig

Teaching attitudes: “1 llke working with students and

belng able to watch them grow-up, mature and develop thelr

own personalities. I enjoy working 1in the fleld of

mathematics and teaching it most of the time, even though

it can be a difficult subject to teach. I get angry when

teachers are given the blame for all the things wrong in

education. Overall I agree that the mathematlics education

currently being received by most students is minimal. I
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belleve lack of knowledge iIn mathematics can be traced back
to the early grades where students were elther unsuccessful
or became unconcerned. Students In high school not only do
ndt know the basics, they also do not know how to think.
The curriculum I use In my classroom is determined for the
most part by state guldelines and end-of-course tests. We
should be wusing end-of-course testing to Insure that
minimum requirements are being satlisfied at each level of
mathematics; however, currently they seem to serve no
purpose. There 18 no quick-fix for today’s educatlonal
problems; most of the probiems in schools are simply a
reflection of the problems In society. I think {t’s time
- the public realized that the schools can’t solve every
problem, that most teachers are dedicated and handle a
difficult job quite well, in splte of outside interference.
I wouldn‘t make radical changes in the way I teach; I feel
more comfortable with the ldea of slow, gradual change. 1
really had no knowledge of the NCTM Standards before this
study and I‘m not really that comfortable with them. If I
thought I had to implement all those standards into the
present curriculum, first I‘d panic. Then I‘d ask how to

do it, because I wouldn’t know where to start."

Teacher # 5:
Years of teaching experience: 26
Highest educatlional degree: BS

Certification: Mathematics and Chemistry
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Current Teaching Assignment: Tech Math; Alg I, Part 2;
Algebra 1I

Teaching attitudes: "I like associating with vyoung people
and the variliety of teaching five different groups of
students each day. There seems to be a lot of pressure
being placed on math teachers for students to perform well
on SAT and college placement tests. It’s hard to keep
motivating yourself to do a good job when there are so few
gsigns of appreclation from adminlistrators, parents, and‘
community members. I wish more parents cared about and
understood what was best for thelr chlld in the long run.
I believe some of the demands for reform in mathematics
education are Jjustified, mostly in the classes for average
students. I believe we have to begin in the lower grades
with more emphasis on basic skllls and problem solving. I
think math teachers have to start giving more examples of
problems .whlch require deductive thinking sklillis. The
curriculum I use to teach my classes however is determined
by the state guidelines, end-of-course tests, and the book.
End-of-course testing In theory should Improve mathematics
education, but In reality It hasn‘t. I’m not really that
familiar with the NCTM Standards, but I believe they
probably could be phased into the present curriculum over a
long period of time. However, I don‘’t believe the
Standards alone can cure the present lack of mathematics

knowledge among our youths. There are many factors other
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than curriculum that affect a student’s success or lack of
it. There are no quick-fix programs, and I won‘t change
the way I teach unless I’m convlnced} it will help the

gstudents."

Teacher # 6:

Years of teaching experience: 27

Highest educational degree: BS+

Certification: Mathematics, Dept Chairman

Current Teaching Assignment: Alg II/ Trig; Consumer Math
Teachlng attitudes: "I enjoy working with young people who
are motivated and enthusiastic. I llke the concreteness of
mathematics and believe it iIs the best subject to teach.
We could improve education 100% 1f we were able to get rid
of about 80% of all administrators and support personnel --
these people spend all day thinking up more busy work for
teachers to do, rather than the one thing they need to do
-- teach! I do not respond to public demands for
educational reform. Inside my classroom, i do what I feel
should be done. Most schools have an outdated mathematics
curriculum and low standards of expectation for
achievement. I believe we do need to make mathematics more
relevant to the needs of all students through periodic
updates and the reassessment of needs. Higher performance
gtandards must be established and enforced at all grade
levels. The curriculum I teach In my classes |s determined

by course objectives and the sgequencing determined by the
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textbook. End-of-course testing Is a good concept, but
right now the gtandards are too low. Most of the other
attempts presently belng made by the state to upgrade
mathematics education are a waste of time and money. I‘’m
not familiar with all the NCTM Standards, but I belleve a
few of the Standards could be Iimplemented by individual
teachers under present conditions by Jjust dolng 1t.
However most of the Standards would requlire further teacher
training and the development of appropriate materials.
Some of the Standards are good and certainly some might
improve mathematics education, but they certainly are not a
total cure for all the mathematical educational ‘ills.’
Teachers working alone will never be able to implement all
the Standards. Full Implementation would require a total
commitment from all levels of education. Teachers would
require further educational training, new materials and
textbooks would need to be adopted, greater parental and
publ ic support would be needed; all of which require time
and money. People who think they know how to provide quick
gsolutions ©to the problems in education are not realistic
and are Just a pain to contend with. A goal of higher test
scores would never be enough to make me change the way I
teach. Under the presenf conditions of mass education, I
would greatly question the wisdom of any decislon to alter

the present curriculum and methbds of Instruction.”
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Teacher # 7:
Years of teachling experlence: 20
Highest educatlional degree: Ed. S.
Certification: Mathematics, AG
Current Teaching Assignment: Alg II, AG; Computer Prog;
Adv. Math; Alg I, Part 1
Teaching attitudes: "I enjoy watching students grow
academically and seeing thelr faces ‘light-up’ when they
finally understand a difficult concept. I enjoy the order
and structure of mathematics. I wish the public would
reallize that teaching is a demanding job and that there are
no short-cuts in education. I find it difficult to deal
with the public’s attitude toward education and with
students who don‘t want to learn. I agree that some reform
is needed in mathematlcs education, but not for the sake of
improved SAT scores. State Department offlclals and other
professionals may have some sound ideas about how to
improve the mathematics education of our students, but
thegse Iideas never reach the individual teacher. Most
mathematics teachers have never even seen a copy of the
NCTM Standards. Educatlon 1is hard work and requires
commitment from teachers, students, and parents. Inside my
classroom, curriculum iIs determined by the Basic Education
program, the textbook, and my own personal experience.
Right now, end-of-course testing represents nothing more

than minimum competency. I feel only slightly famlilliar
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with the NCTM Standards. Certainly not all standards can
be reached by all high school students. It seems to me
that the Standards are directed more toward college-bound
students rather than toward all students, The
implementation of the Standards could possibly Iimprove
mathematics educatlion, but certainly not solve all the
problems. There are many things that would add interest to
the classroom so that students could see how mathematics is
used, but taking the tlime to do these things takes time
away from covering the book and course objectives. Also
before most teachers, including myself, could explore many
of the Standards wlth students, more education and trailning
would be required. I‘m slck and tired of all the talk
about what’s wrong with education. I believe those
involved In educatlion at all levels need to work together
to decide the best strategies for improvement. I will not
respond to demands for higher test scores and will not
change the way I teach unless I know it will Iimprove
education. I agree with the idea of spending less time
drilling concepts that calculators can handle and more time
on problem solving, but I would panic If I thought I had to
~Implement all those Standards wlithout any training or

material."

Teacher # 8:
Years of teaching experlence: 16

Highest educatlonal degree: BS+
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Certification: Mathematics and Middle School Sclience
Current Teaching Assignment: Alg I; Consumer Math;
Geometry

Teaching attlitudes: "I enjoy getting Iinvolved with
students and the thrill of seeing that ‘light bulb’ go off
when they understand something for the first time. I find
mathematics difficult to teach for two reasons: most
students are afraid of math and public perception of
mathematics is very negative. Most students have to
overcome their ‘fear’ before they can learn, which is not
easy when their parents and the media relay a message that
It’'s okay to be dumb In math class -- since no one
understands it anyway. I‘m all for reform in mathematics
education, but it must begin in the early grades. The type
of instruction presently used in mathematics classes lends
itself to memorization rather than understanding; quantity
aé opposed to qualltylls stressed. Mathematics educatlion
in high school has, In theory, developed Into a serlies of
clagsses for a select few where the average student |is
discouraged from taking math. Geometry has been labeled as
too theoretical for most students. The mathematics
curriculum of today Iis almost completely determined by
end-of-course tests and by state adopted textbooks.
Teaching for end-of-course testing leaves no time for
equally Iimportant ‘extra’ material. I was famlllar wlith

the NCTM Standards prior to this study and bellieve that
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implementation will be slow and difficult. Right now,
educators need a time interval devoted to Improvement,
without being pressured about test scores. We need to
concentrate on critical thinkling skills; of course some of
the other aspects of the curriculum would suffer, and test
scores might even decline. I won’t change the way I teach
Just for the sake of test scores. However, lf we can find
a way to better prepare the students for the future, then,
ves I‘11 do whatever it takes. Right now there’s so much
to do and so much pressure from the outside that teachers
have no time to plan or explore new methods of teaching. I
belleve it was the qulick-flx people in education who put us
where we are today, in gquick sand. If you want me to
implement the NCTM Standards, then give me suggestions and

methods, then the time necessary to plan and do (t."

Teacher response to each of the questions asked can be

summar ized as follows:

Q 1. What are your personal feelings regarding the

teaching profession?

A 1. The greatest pleasure of the teaching profession
is the opportunity to work with young, motivated,
interested students. One of the biggest thrilils
in life iIs seelng a young person grow and develop
before your very eyes, or being able to make a

di fference in someone’s life. The teachling
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profession 1s difflcult, and most of the general
public have no ideal of the pressure involved in
being a dedicated, caring teacher. But despite
thoge huge negatives, the actual ‘teaching’ aspect

of the profession is very enjoyable.

What are your personal oplnlons concerning the

status of mathematics educatlion today?

The majority of students are leaving high school
with minimal skills in mathematics. Students know
the requirements for graduation and are encouraged
by counselors, parents, and frlends to stop taking
math as soon as they meet those requirements; many
students have ‘math avoidance.” The curriculum is
outdated and neither relevant nor interesting to
students of today who are accustomed to the
instant results and gratification of calculators
and computers. Standards of expectation are low.
Mathematics is still being taught as a memori-
zation-type skill, with drill and practice as a

common instructional process.
How do you respond to outside demands for change?

Some reforms In mathematics are warranted.
However, until the lndividual teacher s seen as

a part of the solutlon, rather than a part of the
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problem, outside demands will produce very little
change and no lasting results. Teachers resent
people outside education (the classroom) who are

quick to point out existing deficiencies without

providing solutions and the appropriate tools

necessary to achlieve them.

How do you determine the lndividual course

curriculum for each of your classes?

Teachers tend to use the textbook, and personal
experience almost exclusively to determine the
curriculum in any Individual course. End of
Course testing has also come to play a major
role in determining course curriculum, followed
by sequenced courses which require a certain
amount of material to be covered. Teachers
gomet imes use the outlines which are provided
by the Baslc Educatlion program. However, in
reality, nothing influences what a teacher
teaches as much as the ‘next section in the

textbook.

What is your initlial reaction to the NCTM

Curriculum and Teaching Standards?

The NCTM Standards alone will not change

mathematics instruction; dedicated, educated,



107

willing and nformed teachers will.

What factors do you personally bellieve will
enhance/lnhibit the implementation of the NCTM

Curriculum and Teaching Standards?

Those factors which might enhance NCTM Standard

Implementation:

--Students take more responsibility for their
own learning.

--Learning mathematics is more relevant to the
individual student.

--The study of mathematics becomes less stressful
for students and teachers.

~-Students gain strength as problem solvers and

independent thinkers.

Those factors which might inhibit NCTM Standard

implementation:

--Time.

--Class slize.

--Lack of appropriate teacher tralning.

--Lack of appropriate materlals.

~--Money.

--Lack of general agreement on how to “fix’
mathematics education.

--Lack of planning time.

--Parents and students who are not ready to
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accept change or new trends in educatlon.
--Inabllity of observers to evaluate teachers

who act as facllltators of learnlng.
~--Teachers who cannot or will not change

their ideas and methods of teaching.

Table 7 provides a summary of selected data for the eight
South Caldwell math teachers.

Following the first set of Individual Interviews, a
large amount of personal data had been collected for the
elght mathematics teachers who were participants in this
case study. From the number of years of teaching
experience, it was evident that this mathematics faculty
was well established, with all but two members having at
least fifteen years of teaching experience. These teachers
had long since developed thelr own individual teachlng
styles and were reluctant to make drastic program changes
at the suggestion of outside influences. Specifically,
only the teacher with the fewest years of experience (eight
vyears) indicated a willlingness to change, with seven of the
eight teachers stating they would not change their teachlné
methods for the sake of Improving test scores alone.
However, all elght teachers indicated they were willing to
change if they had some ideal that students would benefit.
All eight of these teachers indicated they enjoyed being
around young people, that they llked their Jjobs, and that

thelr greatest pleasures came from seeing students learn
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TABLE 7

sSummary of Selected Data for the SCHS Mathematics Faculty

SEX

# of male math faculty 3
# of female math faculty 5
Years of teaching experience
5 - 10 1
11 - 15 1
16 - 20 4
26 - 30 2
Highest educational degree
BS - Teaching
Ed. Speciallist 1
Career selection
Would choose teaching as career today S5
Would not choose teaching as career today 3

Would make radical changes in their teaching methods for
the sake of improving test scores

willing 1
unwilling 7

Prior knowledge of NCTM Standards

Had prior knowledge 1
Had slight knowledge 2
Had no knowledge 5

Believed the NCTM Standards (or some other method)
would provide a ‘quick-fix” for the present lack of
mathematics knowledge among today‘s youth.

Yes 0
No 8
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TABLE 7 (Continued)

Membership in Professional Organizations

Organization | Membership
NCAE Yes 6
No 2
NCTM Yes 1
No. 7
NCCTM Yes 3
No 5
Other _ Yes o
No 8
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and achleve. This faculty was truly concerned about the
quality of education their students recelve, but were
discouraged because of publlic opinion and lack of respect
for thelr profession. Seven of the eight teachers did not
believe that the implementation of the NCTM Standards alone
can ‘cure’ or Iimprove the present lack of mathematics
knowledge among today‘’s youth. They stated a bellef that
only dedicated, educated, willing and informed teachers
will improve mathematics education. These teachers all
expregssed a degree of resentment for those individuals
outside education who spend a lot of time talking about all
the things wrong with education without supplying the
methods and materials necessary to Ilmprove them. Only one
of the elght teachers indicated having knowledge of the
NCTM Curriculum and Teaching Standards and recommendations
prior to the onset of this study, and then only as a result
of informatlon received during continuing college course
work . They bellgve education is not likely to improve
until teachers understand what they should do to make those
improvements.

The elght members of the South Caldwell High School
mathematics faculty all agreed to participate in the
evaluation of the current mathematics curriculum with
regards to the NCTM Currléulum and Teaching Standards of
school mathematics in grades 9-12. This investigator has

found them all to be extremely cooperative and receptive to
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any suggestion which might i{mprove mathematics instruction

and education at SCHS.

The Students

The students who attend South Caldwell are typlically
from middle to upper-income familles. On the average, less
than 1% of the student body is composed of students from
minorlty groups. Students typlically score at least twenty
points above the state mathematics SAT average of 440, and
compiled an average mathematlics score in 1990 of 462 with
41% of all senlor students participating. More than 65% of
all graduating seniors continue thelr education, either in
four year colleges, two vear community colleges, or in
vocaticnal training. Students at SCHS average 10-1i5 points
above the state average on the mathematics competency test.
One of every three students do not reside with both natural
parents.

The current mathematics enrollment at South Caldwell
is 895 In regular classes and 29 in special education, for
a total of 924 of the 1141 students who attend. The course
selection in mathematics is quite diverse and ranges from
General Math to College Calculus. Tables 8 and 9 offer
detailed information concerning the course offerings and
student enroliments in the various mathematics classes for

the 1990-91 school year.
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TABLE 8
Mathematics Course Enrollment for 1990-91

Course Title # of students enrolled
General Math ' 77
Consumer Math , 88
Algebra I, Part I 103
Algebra I, Part II 56
Algebra I 174
Algebra I - AG 11
Algebra II S0
Tech Math ' 64
Geometry 109
Explo Geometry - AG 12
Algebra II & Trig 63
Exp Algebra II - AG 26
Algebra III & Trig 10
Advanced Math 15
Computer Programming 22
Precalculus-Calculus 15
Math 1 - E 7
Math 2 - E 1
Math 3 - E 4
Math 1 - L 11
Math 2 - L 6
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TABLE 9

Mathematics Course Enrollment Percentages for 1990-91

# STUDENTS # STUDENTS % OF

CLASS ENROLLED IN IN CLASS STUDENTS

LEVEL MATH CLASSES LEVEL ENROLLED

9 TH GRADE 342 349 97.99%
10 TH GRADE 261 278 93.9%
11 TH GRADE 208 273 75.4%
12 TH GRADE 113 241 46.9%

TOTALS 924 1141 80.9%
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Evaluation Plan

The evaluation and case study consisted of three
phases: (1> preparing to evaluate; 2> a program
evaluation, which Included the assessment of problem
solving opportunities within the pre-existing curriculum,
recommendations for change requlréd to satisfy Standard 1;
and the attempted implementation of those recommendations;
and, (3 post Iimplementation period, including the
assessment of the attempt to implement Standard 1. For the
convenience of the reader, the actual time period for the

evaluation plan iIs shown in Tables 10 and 11i.
Preparing to evaluate

Since the purpose of this inquiry was to assess the
current status of problem solving iIn the SCHS curriculum
and to examine the degree of congruence between this
curriculum and the recommendations for problem solving
found in NCTM’s Standard 1, teachers had to be familiar
with those Curriculum and Teaching Standards and the method
which were to be used to assess those recommendations of
Standard 1. Since seven of the eight teachers were not
familiar with the NCTM Standards, this investigator held a
focus group of all elght mathematics teachers, during which
each of the fourteen Standards were discussed In the
following manner: percelved degree of Importance within

the present mathematics curriculum; suggested methods which
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TABLE 10
Evaluation Activity Time-Table #1
Preparing to evaluate:

WEEK ONE ~ Individual Interviews.
FOUR: Focus Group, formulation of definitions.
" Aggimilation of information from interviews.
Focus Group, discussion of NCTM Standards.

WEEK FOUR: Curriculum assessment through individual checklists.
Teachers maintain individual journal.
First group profile for curriculum inventory.
Focus Group, discussion of Curriculum Inventory Proflile,
including recommendations for change.

Implementation of Standard 1:

WEEK FIVE: Teachers begin implementation period.
Teachers maintain individual journal.
Teachers maintain portfolio of student work.
Teachers complete weekly checklist.
Evaluator completes problem solving progress graph.
Weekly Focus Group.

WEEK SIX: Implementation period continues.
Teachers maintain individual journal.
Teachers maintain portfolio of student work.
Teachers complete weekly checklist.
Evaluator completes problem solving progress graph.
Weekly Focus Group.

WEEK... : Implementation period ends.

THIRTEEN Teachers malntain individual journal.
Teachers complete second curriculum inventory checklist.
Return checklist and portfolio of student work to
evaluator. ‘
Second group profile for curciculum inventory.
Evaluator completes problem solving progress graph.
Teachers administer Problem Solving Student Attitude
Agsessment Survey.
Weekly Focus Group.

Post Implementation:

WEEKS ... : Second Individual interview.

FOURTEEN -~ Final Focus group.

SEVENTEEN Examination of completed journals and portfolios of
student work.
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TABLE {14
Evaluation Activity Time-Tabje #2

Preparing | | Post

To evaluatel Implementation period | Implementation

| [
WEEK | WEEK WEEK WEEK... WEEK | WEEK

ACTIVITY 1-4 | 5 6 7 13 | 14-17
Individual
interviews: X

Focus groups (2): X

First
Curriculum X
Inventory:

Group proflile
for curriculum

Inventory: X

Individual

Jjournais: X X X X X X
Standard ‘

implementation: X X X X

Weekly checklists: X X X X
Portfolio of

gtudent work: X X X X

Weekly graphs: X X X X

Second curriculum
inventory checklist: X

Second group profile for
curriculum inventory checklist: X

Second individual Interview:
Final focus group:

Student Attltude Assessment Survey:

X X X X

Examination of data :
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indlvidual teachers might use for Implementation; and,
changes perceived to be necessary before complete
implementation would be achleved. (See Appendix C for a
complete discussion of all fourteen Standards.) This
meeting served to famillarize teachers with the Standards
and to generate an informal comparison of the pre-existing
curriculum and the type of Instruction advocated by the
Standards. The results of the discussion for Standard 1

are as follows:

Standard 1: Mathematics as Problem Solving
~a. Importance in curriculum: vitally important.
Mathematics ls problem solving, therefore |f
students are not learning problem solving, they
are not learning mathematics.

b. How to implement: Teachers can begin implementation
through a series of exercises, where students are
introduced to a variety of problems, including both
routine and nonroutine problems with routine and
nonroutine methods for finding solutlions. Students
should be taught to view mathematics in a more
personal and relevant manner, and to learn to
generalize solutions to different problems in
mathematics and in everyday life. Teachers should
gradually lncrease the frequency for problem solving
activities and make every effort to Incorporate

problem solving strategies into appropriate teaching
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methods.

¢. Changes required for full implementation (where
problem solving is part of the mathematlics
éurrlculum): Teachers must realize the importance
of problem solving In the mathematlics curriculum.
Second, teachers belleved that before they could
teach most topics from a problem solving approach,
they would require extensive re-training. There
should be less emphasis placed on end-of-course
testing and less pressure to cover all the pages
In the text. Flnally, and perhaps most important,
there must be development and provision of new
textbooks with appropriate materials which
emphasize mathematics through a problem solving
approach, since most textbooks currently emphaslze

drill and practice.

During this focus group where each of the fourteen
curriculum and teaching standards were dliscussed, it was
apparent that a list of standards alone is not very helpful
to teachers. Several of the standards set forth.clear,
important goals, yet a method of Implementation and
subsequent assessment of that implementation were difficult
for these teachers to formulate. Without exception, upon
dlscussion of each of the fourteen standards, teachers
stated that implementation could only occur when teachers

were retrained and were provided with the new textbooks and
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materlals necessary to supplement instructlon. Time,
money, materials, training and resistance to change were
cited as inhibltors to the implementation of the NCTM
Standards.

Teachers were then glven the five indicators of
quality which were developed for the evaluation of problem
solving within the mathematics curriculum. Since several
terms used within these indicators can be interpreted in
various ways, a second focus group was held for the purpose
of defining for use in this study the following terms:

curriculum

problem solving

regular basls

nonroutine problems

mathematics from everyday 11lfe
Table 12 1ists the deflinitions which were used for the
duration of this study.

At first, teachers were eager to formulate their own
definitions for the terms being used during the study. The
investigator had elected to use a focus group for the
development of these definitions in order to allow those
teachers involved to gain ownership of and Iinvolvement in
the study and this seemed to work well. However, later
during this study, It was evident that some of those
definitions created problems for the teachers who were
attempting to use them. At that time, the teachers
Indicated they felt Inadequate to Interpret and define

those terms used by NCTM and gstated a belief that this
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TABLE 12
Definitions Which Were Used During The Study

S.

CURRICULUM ——'any activity which occurs as a result of
attending a particular school.

In a classroom -~ the curriculum is an operational plan
for instruction and includes what
students need to know, how they will
learn and what the teacher will do
to help students to develop their
knowl edge.

PROBLEM SOLVING -- any attempt, as well as the process
involved, to find an unknown
solution for an existing question.

Problem solving includes the ability to :

1. define the problem

2. formulate a plan

3. use various techniques appropriate for the problem
4. verify results

REGULAR BASIS -- at least once weekly, in the
beginning with increasing frequency
as the study contlinues.

NONROUTINE PROBLEM -- any problem not normally found in
a particular course; problems
for which the students are not
taught specific solution methods;
problems which require investiga-
tion and organization, rather
than the use of a particular math
skill. (See Appendix E for
examples of nonroutine problems.)

MATHEMATICS IN EVERYDAY LIFE -- any mathematics which
encourages the development of
independent and organized
thinking ability. (See Appendix
F for examples of mathematics
problems from everyday life.)
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should have been done by professionals (NCTM)> in order to
assure the widespread use by all teachers of one definition
for each of those terms. A review of teacher comments and
the study {n general has caused this I(nvestigator to
believe those definitlons should have been provided for
teachers rather than allowing them to be developed.
Following the formulation of definitions, this
investigator determined that the "preparing to evaluate"
stage was complete. The program evaluation began at this

time.

Program evaluation

The assessment of the congruence of problem solving in
the current curriculum and the recommendations of NCTM’s
Standard 1: Mathematics as Problem Solving was done‘in the
following manner. Each of the eight mathematics teachers
were asked to complete a curriculum Inventory checklist.
The checklist allowed teachers to glive detailed
gself-reporting of whether the pre-existing curriculum
allowed students the opportunity to engage In solving a
varlety of routine problems and nonroutlne problems on a
regular baslis (at least once weekly), whether the problems
define everyday life, whether the students verify and
interpret their results, and whether students generalize
strategies to other situations. The eight teachers
responded, using a likert scale from 1 to 5, where: 1 =

never, 2 = seldom, 3 = occaslionally, 4 = frequently, and
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S = on a regular basis. Individual checklists were
returned to the investigator, who used the data to compile
a group profile for curriculum inventory (see Table 13),
indicating by an average the degree to which the
mathematics curriculum was used to provide problem solving
activities for students. The group profile sheet was used
to determine the congruence of the original mathematics
curriculum and Standard 1 recommendations.

Using the Iinformation from the group profile for
curriculum Inventory <(see table 13), thls investigator
conducted a focus group with the members of the mathematics
faculty. (Throughout the course of thls study, the focus
group meetings evolved Into a very helpful and powerful
activity. For it was during the focus groups that the
teachers lnvolved were glven first time opportunitlies to
examine and think about concepts in new and different ways.
Teachers used the other members of the group to clarify and
redefine their own jdeas and suggestions. When problems
came up, teachers found solutions together, causing them to
form a strong sense of sharing and comradeship. This
bonding among teachers was a very unexpected, yet very
positive and pleasant aspect of the implementation period.)
The group discussed the findings for the initial problem
solving practlices, which indicated the opportunity to solve
problems in the exlsting curriculum was between 1 and 2

with 1 = never and 2 = seldom. All teachers agreed that
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TABLE 13
First Group Profile for Curriculum Inventory Resultg

STANDARD 1: The curriculum provides students with the
opportunity to engage in problem solving.

1 to 5 where: .
1 = never; 2 = gseldom; 3 = occasionally;
4 = frequently; and 5 = on a regular basis

Scale:

| Scale indicated bv each: | __Analvsis
[ Teacher |
Standard Indicator: I OITITIFIFI SIS | E I Average
iniwihltoliilillel il ofaill
The curriculum provides { e i ol r luivixIl v gl scores for
students opportunity to:i i leltrc el | el ht this
| L 1 el | | init | indicator
| I | | ! | | | |
Solve problems on a | | | [ | l | i |
regular basis 11213131 31111131 2.125
| 1 | | | | [
| | | i [ | i | |
Define problems from i i | | | ] i ] |
everyday life as well asi i { [ | | | | |
mathematical situations | 1 t 21 3t 21211121 21 1.875
! i i | I I | | i
| | { | | 41 | |
| | [ | i | I | i
Define and carry out | { | i [ { ] [ |
plans to solve a varietyl { { { | { { | |
of nonroutine probiems 11 !/ 11 4121211121 21 1.875
| | | | [ | | | |
| | | | i1 1 i |
i | i | | I | | |
Verify and interpret | i { | | i | i |
thelr results 1 1313121211121 21 2.0
| | | | l | | | I
| | | ] ] | | | i
Generalize gsolutions | | | i j | j i 1
and strategies toother | 1 1 21 31 21211111 21 1.75
gituations | i | ] | i | | |
] | | | | ] ] | |
|
Average of scores for all indicators of Standard 1i: | 1.925
]
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typlcally problem solving opportunitlies were reserved for
the routine word problems which usually occur at the end of
a chapter in the book. Often, these problems were
considered to be ‘extra’ and as such, were many times
simply omitted due to lack of time and pressure to cover
the next chapter. The following questions summarize the

questions which were discussed durling the focus group.

Q. 1. Does the current currliculum provide students
with the opportunity to engage in problem

solving on a regular basis?

A. 1. No. With an average score of 1.925 for all
indicators for the agssessment of Standard 1,
it was concluded that problem solving

opportunities were between seldom and never.

Q. 2. ‘How often do students engage in problem solving:

--1g |t on a weekly basis? dally basis? etc.

A. 2. Teachers indicated that problem solving
activities were usually reserved for application
problems (word problems) which are found at the
end of a section or chapter in the textbook.
Teachers are so bugsy covering textbook material
which might be included on end of course
testing, they seldom have time for additional

activities. Thus problem soliving activities



' 126

might occur once a month, and perhaps not even
then, since many teachers view these problems

as ‘extra’ exerclises.

Is there a variety of nonroutine problems

included in the problem solving activities?

No. Problem solving activities are reserved for
the routine problems (age, coin, DRT, mixture,

etc.) which are usually found In textbooks.
Do students generallize sgsolutions and strateglies?

No. Students generally walt to be taught
gspeciflc methods or strategles for each set
of problems, then attempt to solve all similar

problems using that method.
What type or recommendations were made?

The following recommendations were made:

--Teachers were to begin implementation of
problem solving activities on a regular
basls (at least once weekly in the beginning,
with lncreasing frequency as the study
progressed), thus allowing students to
gradually become accustomed to this type
of activity.

--Teachers were to deflne problems from
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everyday life as well as from mathematical
sltuations so students would begin to
see the relevance of mathematics.
--Teachers were to Introduce nonroutine
problems‘into the mathematics curriculum.
--Teachers would encourage students to
verlfy and interpret thelr results.
--Teachers would provide students with the
opportunity to generalize their results
and strategies to other situations.
--Teachers would begin to use problem solving
strategies and methods to introduce new
topics whenever possible.
By allowing students the opportunity to view mathematics in
a more relevant and logical manner, the math faculty at
SCHS hoped to improve thinking skills, reduce mathematics
anxlety, and gradually Improve mathematlics instruction for
all students enrclled in mathematics classes. At this
time, using the above recommendations, teachers began the

implementation period for Standard 1.

Implementation of Standard 1

This phase of the program evaluation consisted of the
attempt to implement the quallty lndlicators for Standard 1.
Since the group profile curriculum inventory indicated a
clear discrepancy <an average score of less than 4.5 for

all indicators on the group profile for curriculum
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inventory, see Table 13) between the criteria of the
pre-existing curriculum and the recommendatlions of Standard
1, slx recommendatlions for change were made. Teachers
began an Iindefinite implementation period, during which
time they were asked to adhere to the previously mentioned
recommendat ions. Teachers were asked to complete weekly
checklists, detalling the problem solving activities which
were completed each week and the degree of compliance with
the above recommendations. In addition they were asked to
malntain a portfollio of student work for verification, and
indlvidual Journals In which they were to detall the
frequency of problem solving exerclises, student reaction,
teacher reaction, and future plans. A copy of a completed
weekly checklist from Teacher # 1 for week one is given in
Table 14.

The lmplementatibn of Standard 1 began slowly, with
the first week showing very 1little progress toward
satisfying all five Iindicators. The easliest Indicator to
implement and the first to receive eight positive responses
was the first Iindicator -- providing students with the
opportunity to solve problems on a regular baslis. Teachers
indicated this was the easiest indicators to satisfy since
all they had to do was find an appropriate activity.
Providing students with nonroutine problems (lindicator 3
was the second indicator to be satisfled, with providing

problems from everyday life third <(indicator 2). Allowing



TABLE 14
Weekly Individual Checklist for Week QOne

Teacher:_# | Week: _# |

Standard 1: The curriculum provides students with the
opportunity to engage in probiem solving.

| Teacher Checklist

other situations.

Number of positlve responses:

|

1 |

| |

Standard Indicator: | l
| I

| | ]

The curriculum provides students | YES | NO ]
opportupjtijes to: l I l
| | |

Solve probiems on a regular basis. | X | [
1 I I

| | |

Define probiems from everyday life as [ | |
well as mathematical situations. { i X |
[ ] |

i | |

Define and carry out plans to solve a { | {
a variety of nonroutine problems. | | X i
1 | ]

i | |

Verify and interpret their results | | X [
| | |

| | ]

Generallize solutions and strategles to ] | X i
i i [

| | |

| i

| |

|

L
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students to verify and interpret thelr results (indicator
4) was the fourth Indicator to be satisfled and allowing
students to generallze solutlons (indicator 5> was last.

At the end of each week, Individual teachers met with
the evaluator in order to discuss the progress being made
toward standard Implementation. Using a tabulation of the
checklists, the evaluator displayed progress on both weekly
charts and a cumulative graph, plotting the total number of
positive responses from all elght teachers as to the number
of indicators which were implemented during each week.
Teachers were also asked to maintain a portfolio of student
work, containing one dated example of each problem solving
exercise completed. These examples were used to verlfy the
information indicated by the weekly individual checklists.
Figure 1 indicates the tabulation of data found on the
elght individual weekly checklists for week one. For
example, all elght teachers began to provide problem
solving opportunities at least once during the week. Two
teachers provided problems from everyday life as well as
from mathematical situations. Four teachers provided
opportunity for students to defline and carry out plans to
solve a variety of nonroutine problems. Four teachers
allowed students to verlfy and Interpret thelr results, and
two of the eight teachers provided opportunity for students
to generalize solutions and strategies to other situatlons.

When all eight teachers had responded “‘yegs’ to all flve
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Flaure {. Progress Toward Implementation of Indlcators for

Standard 1:

Mathematics as Problem Solving. Week One.
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Indlcators, a focus group was held to determine whether
Standard 1| had been successfully implemented. The findings
for each week are displayed in Flgures 1 - 9, followed by
the cumulatlive weekly progress graph (see Figure 10). This
graph shows for each week, the combined total frmn'all
eight teachers, the number of ‘yes’ responses on the weekly
individual checklists. The quality indicators for Standard
1 were considered satisfled when the cumulative graph
reached a score of 40 Call elght teachers responded yes to
all five indicators.

At the end of the first week, the investigator
examined the weekly checklists for each teacher along with
the lndividual journals and the portfollios of student work.
All elght teachers had begun gradually, adding only one
problem solving actlvity to thelr regular Instructional
process. Four of the elght teachers had elected to have
thelr students work together in small groups, usually two
to four students, while the other four had students working
independently. The types of problems given to students
ranged from serious problems (solving Pascal’s triangle),
to problems which seemed more entertaining like the
following:

Simon is designing a number triangle to quiz his

classmates. If he continues the pattern below, what

will the sum of the numbers be in the tenth row?



133

7 9 11
13 15 17 15

Teachers who began with less serlous problems reported
extremely positlive resulits from thelir students, but even
the more serious problems generated enthusiasm from
students who seemed to welcome the change. Since only two
teachers had Iindicated they were providing problems from
everyday life as well as mathematical slituations (indicator
2), this investigator examined the problems solving
activities presented by these two teachers. One of the
problems stated:

A fireman was standing on the middle rung of a ladder,

spraying water Into a burning bulliding. As the blaze

lessened, he climbed up 3 rungs. A sudden flare sent

him down 7 rungs. When the fire died down, he climbed

up 9 rungs. When the fire was finally out,

he climbed the remaining 4 rungs to the top of the

ladder. How many rungs were on the ladder?
At this point, the investigator reminded teachers of their
definition of mathematics from everyday life (see table
100. In reality, each of the problem solving actlivitles
from all elght teachers were meant to encourage the
development of lndependent and organized thinking abllity

(indicator 2). However, teachers seemed to be looking for
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only consumer type problems rather than problems which
satlsfled thelr own definition. (Examples of problems from
everyday life can be found In Appendlx F.> Thls contlnued
to be a problem for teachers (particularly teacher #4 and
teacher #5) for the first four weeks of the study. The
last area of concern for week one concerned indicator 3.
While all problem solving activities were accurately
classified as nonroutine (according to the definition found
on table 10>, there was no varlety for week one since
teachers began with only one exercise during this week.
After week two, an examination of the checklists, the
portfolibs, and the Journals Iindicated teachers were
beginning to remember their definition of problems from
everyday life, however this investigator decided to discuss
this probiem during the weekly focus group after week three
since there continued to be a discrepancy between the
checklist responses and the actual problem solving
activities being done by the students. After week three
students were beginning to ask for additlonal problems, and
seven of the eight teachers had increased the frequency of
activities and were providing at least two activities per
week during week four. After week three there was quite a
variety of problems being done as most of the activities
involved multiple problems. Students were being asked to
verify and interpret their results by developing their own

formul as 6r patterns which would generate solutions for any
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slituation rather than a speclflic one. Only one teacher
(teacher #6) continued to offer only one activity per week.
Teachers who began the activities as opportunities for
students to gain extra credit had, by the end of week
three, begun tb use problem solving actlvities as homework
grades for students. Aftef three weeks, teachers
Indicated the need for additional materials, since all
problem solving activities were being taken elther from
resource material teachers had previousiy, material
purchased speclfically for this study, or material
developed by the teacher. During week three, teacher #7
quoted one student as saying, "I love this stuff,"” and was
planning to use problem solving to introduce the concept of
the distance formula the following day to see iIf any of the
students could derive the formula on their own. (It
worked!)>

The results from the weekly individual checklists for
week two, three and four appear In Figures 2 - 4. By the
end of week four, triangulation procedures consisting of an
examination of the weekly checklists, the portfolios, and
“the individual Journals Indicated there had been
significant progress made in the attempted implementation
of Standard 1. Seven of the eight teachers were providing
problem solving at least two times a week, with two
teachers offering some type of activity three to four times

per week (some of these activities were done during class
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in group work, some were done by Students Independently
outside class). Only one teacher (teacher #6) continued to
provide only one activity per week. The linvestigator
reminded this teacher that ‘on a regular basis’ had been
defined to be once weekly in the beginning, with Increasing
frequency as the study progressed. The teacher indicated
lack of available time and lack of appropriate materials as
problems which were Inhiblting an Increase in frequency.
The discussion of problems from everyday llfe during the
last focus group had helped teachers realize they were
satisfying this indicator with most activities. Four of
the elgﬁt teachers were having difficulty allowing students
to generalize solutions and strategles to other situatlions.
During the weekly focus group, one teacher indicated she
felt there was confuslion as to what this lndlicator really
meant. Therefore, the remainder of the meeting was devoted
to a discussion of how to satisfy this indicator. Teacher
#7 suggested using an activity much like the following:

A cevian Is a segment drawn from a vertex of a

triangle to the oppogsite side. How many triangles

are produced when:

a). 10 cevians are drawn

b>. 20 cevians are drawn

c). n cevians are drawn
There was some discussion concerning whether even though

this activity al lowed students the opportunity to
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generallze, was It In fact actually generallization to other
situatlions. After much dlsagreement, all eight teachers
agreed this actlvity satisfied lndlcator 5. During week
four, six of the eight teachers indicated positive
responses to indicator 4, however triangulation produced
evidence to support only three of those responses. This
too was discussed during the focus group. During the focus
group discussjon, |t was discovered that some of the
teachers had misinterpreted and were mlsusing the true
meaning of indicator 4 (students have the opportunity to
verify and interpret their results). Three of the eight
teachers had Interpreted "verlfyling results" as allowing
gtudents to check their answers. The focus group discussed
the meaning of verlify and eventually agreed that the true
purpose of the lndicator was to allow students to sample
data, to analyze and make predictions on the basis of their
sample, to make conjectures, to discuss and validate their
conclusions, and to prepare argﬁments to convince others of
those conclusions. Students should be analyze their own
thinking, rather than depending upon the teacher to tell
them whether they are right or wrong. Teachers should
stress the problem-solving process, not just the right
answer(s). The group determined that some of the problem
solving activities should allow students to experience
problems with too much or not enough Information, in

addition to problems with no solution or ones that have
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multiple solutions, each with different consequences
(examples can be found in Appendix E and F). Students then
would be asked to verify results, interpret solutions, and
question whether a solution makes sense. Such experiences
would serve to develop student confldence in using
mathematics. This focus group discussion was very
productive. From this point in the program evaluation,
teachers reported that they had a new and very clear
picture of what they needed to do and how to accompllish
their objectlives. Progress in the Iimplementation of
Standard 1 (as indicated in Figures 5 - 9) supports this
implication.

The results from the weekly individual checklists for
weeks flve through nine appear in Figures 5 - 9. An
examination of all data from week flive produced résults
similar to week four. Teacher #6 continued to provide only
one actlivity per week, with all other teachers contlnuing
to offer activities at least three times per week. Week
five produced all positive responses, from every teacher to
every lndicator, except indicator 5. Evidence from the
portfollos of student work and the Individual teacher
Journals supported every response on the individual
checklists, with the possible exception of teacher #6 who
had not Increased the frequency of actlivities. Teachers
indicated a need for additional materials and a desire to

learn new methods of using problem solving to introduce new
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materials and a desire to learn new methods of using
problem solving to introduce new concepts. Three of the
elght teachers had begun to work together, sharing ldeas
which might help them develop their own strategies. They,
however, indicated that time was an inhibiting factor.

Week six produced across the board positive responses
to all indicators from all eight teachers. Evidence from
the portfolios and the individual Jjournals supported all
responses, except those for Indicator 4. Examples of
gtudent work verifled a positive response for seven of the
eight teachers, with no evidence of students being allowed
to verify and interpret thelr results during the activity
provided by teacher #5. Two teachers Indicated they had
used problem solving strategies to introduce new topics
during this week.

After four straight weeks of simllar results (week six
through nine), the weekly focus group was used to discuss
whether the teachers invoived in the study felt Standard 1
had been fully implemented. All eight teachers agreed that
even though they believed they couid accurately respond
‘ves’ to all flve lndicators, they were not 100% sure they
had begun teaching in the manner advocated by NCTM in the
Currlculum and Teachlng Standards, The teachers stated a
belief that any attempted implementation of Standard 1
would be limlited by the definitions used during the

implementation perliod. (These teachers did not necessarily
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feel their definltions were poor, they Just lacked
confidence in their abllity to formulate their own guide
for Standard Implementation.? It was agreed thqt if
teachers are to adhere to NCTM’s own vision for Standard
impiementation, then much work remains to be done by NCTM
and other professionals. Each aspect of the Standards must
be clearly defined and stated precisely in order to avoid
migsinterpretation, misrepresentation, and misguided
instruction. (For example, how does NCTM define the actual
term problem solving, which is basic to any attempt to
implement Standard 1, or how would NCTM assess increaslng
student~c9nf1dence in using problem solving approaches to
investigate and understand mathematical content?) All
eight teachers indicated that only after much refinement of
the Standards can a true comparison be made between actual
teaching practices and those advocated by NCTM. At this
time all elght teachers indicated that glven the current
curriculum requirements, the present textbooks, and the
availablility of appropriate materials, Standard 1 had been
implemented as completely as possible. Therefore given
these limitatlions, It was concluded that full
implementation of Standard 1 where problem solving is used
for instruction is not possible at this time at SCHS, and
that Implementation of Standard 1 Into the present

curriculum can only be done on a limited basis.
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Durlng the Iimplementation period, all eight teachers
attempted the implementation of Standard 1 in each of thelé
various classes. Thus problem solving activities were
provided in all courses, ranging from General and Consumer
Mathématics to Advanced Math and Calculus. Teachers
indicated the problem solving activities were well received
by all levels of students, even eventually those in General
and Consumer Math. Many of the lower level students
reacted negatively at first, indicating they "Jjust couldn’t
do word problems." However, a few weeks Iinto the study,
teachers were writing In their journals that even those
studenté were responding in a more poslitive manner. While
many students in General and Consumer Math remained adamant
throughout the study that they really did not like word
problems, (they continuously referred to the problem
solving activities as word problems) several students began
to indicate that they did in fact have the ability to do
these problems and that this type of experlence was
probably helping them become better In mathematics. One
General Math student stated, "You know, for the first time
ever, I kinda like coming to math class. Sometimes, it’s

even lnteresting."

Triangulation of Data
An examination of the individual checklists, the

examples of student work, and the Individual teacher
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Journals after week nine vyielded the following data for

each teacher involved in the study.

Teacher #1:

Beginning slowly, this teacher had spent three weeks
providing one problem solving actlvity per week for
students. Thus problems and nonroutine problems were being
done on a regular basis, however, students were not
generalizing solutions and strategles. Even though this
teacher said problems were not being provided from everyday
life as well as mathematical sltuatlions, they in fact were.
The Investigator discussed this discrepancy with the
teacher. During week four, problem solving activities were
increased to two per week, allowing students much more
variety in their problem solving attempts. During week
five, problem solving activities Iincreased to three per
week. During week six, teacher #!1 responded ‘yes’ to all
five indicators for Standard 1 and continued to do so for
the remaining three weeks, however, there was little
evidence to support a poslitlive response to lIndicator 5.
Teacher #1 Iindicated a desire to continue problem solving
activities after the study concluded, stating however, that
the number of actlvities would probably decrease to two per
week . Most activities were assigned as extra credit
exercises, with students receiving feed back one day after

the due date.
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Teacher #2:

Problem solving activities from teacher #2 were being
done in class, with students working in small groups. By
selecting the first problems quite carefully, teacher #2
found that by the end of week two, these activities had
created quite an interest among his students; during week
three, the frequency for actlivities Increased to two per
week, with three activities provided during week four.
Teacher #2 stated that time became an inhibiting factor at
this point, and chose to continue with three activities per
week for the remainder of the study. Most of the problems
provided by teacher #2 were much like the following:

If three clocks were purchased and all set at the same

time, how long would it take them to agalin read the

same time if one clock lost 1 minute per day, one

clock gained 1 minute per day, while the third clock

kept perfect time?
Students were also asked to find the date on which this
would occur. Teacher #2 Indicated in the Jjournal that
almost every student worked hard and was quite successful
during the activities, even after the problems became much
harder. It was difficult for this investigator to
determine whether students were allowed to verify their
results until week four, but there was strong evidence that
students were generallizing previous strategies to new

sltuations two weeks before the teacher Indicated such.
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Teacher #2 responded ‘yves’ to all flve |Indicators after
week four with evidence to support those responses easily
obtained from the Iindividual Jjournal and portfolio of

student work.

Teacher #3

Teacher #3 began the problem solving activities by
providing one activity per week for three weeks. Students
were excited and enJjoyed the change. Teacher #3 began week
one by having the students work the problems lndependently,
then allowed time for the teacher and students to
demonstrate thelr own varlous methods of solving the
problems. This worked well, as students elected to use
those methods on later problems. During week four, teacher
#3 lincreased the frequency for activities, providing two
per week during class, with at least one additional
activity being done by students independently as extra
credit or homework. Teacher #3 responded ‘yes’ to all five
indicators during week five (and for the remainder of the
study), however, once agaln there was little evidence of
students verifying their results. Durlng week six, problem
solving was used to introduce the concept of simplifyling
square roots. Students used calculators to verify their
results. From week six untll the end of the study, Jjournal
entries and student work supported all positive responses

found on the weekly checkllists.
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Teacher #4

For the first three weeks of the study, weekly
checkl ists from teacher #4 were identlical; only indicator 1
received a positive response. (Teacher #4 was one of three
teachers who had difficulty realizing that mathematics from
evervyday life Included more than consumer type problems
involving shopping, household expenses, etc. She also had
difficulty getting students to generalize solutions and
strategies.) Even though the activities provided during
week two and three were in fact nonroutine problems from
everyday life, these indicators were not answered in a
positive manner on the weekly checklist. The weekly
discussion during the focus group for week 3 helped her
realize these indicators were being satisfied. Teacher #4
provided two problem solving activities during week three;
activities were provided three times weekly for the
remaining weeks of the study. Again time and available
materials were inhibiting factors. Teacher #4 responded
‘yes’ to all flve Indicators for the first time during week
8ix; indicator five was the most difficult to achieve.
Teacher #4 was overly cautious In her responses, as data
from the journal entries and the portfolio of student work
supported all positive responses earlier than actually

glven.
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Teacher #5

Problems solving activities were provided once weekly
for a period of three weeks, with two actlvities during
week four. Even though they were well received by the
students who asked for more problems, téécher #5 found it
difficult to Jjustify lost Instructional time. This
investigator found no evidence to support a positive
response to indicator 3 during week two, three and four.
(Students were not being provided with a varlety of
nonroutine probliems.> A focus group discussion during
which other teachers gave examples of the various beneflts
studenté gseemed to be getting from the activities convinced
him to gradually increase the frequency. (The fact that
other teachers were also willing to share their own
materials was added incentive.)> During week flve, teacher
#5 Increased the frequency to three activities per week,
with one activity done in class and two outside class.
This seemed to work well. Teacher #5 was another of the
group who satisfied Iindicator 2 each week after week two
(he too kept looking for consumer type problems), however,
he did not respond ‘yes’ on that indicator until week five.
Teacher #5 responded ‘yes’ to all five lIndicators during
week number six, however there was never any evidence of
students generalizing solutions and strategies to other

situations.
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Teacher #6

Problem solving activities began durlng week one, and
continued for the remainder of the study, on a weekly
basis. Teacher #6 was steadfast in his belief that while
problem solving is beneficial, other teaching strategies
are Jjust as worthwhlile and should continue as wusual.
Students of teacher #6 were enthuslastic and very receptive
to the change, and even though he plans to continue problem
solving after the study concludes, the frequency will
remain once weekly. This of course, falled to satisfy the
definition of “on a regular basis,’ consequently a positive
response to indicator 1 was not really warranted after week
two or three. Teacher #6, however continued to respond in
a positive manner to indicator 1 on each of his weekly
checklists, and Jjustifled his response by stating that
implementation of Standard 1 could only be done on a
"limited baslis" at this time due to the present curriculum
and time constralints imposed by course gulde lines and end
of course testing. This was one of the major reasons why
the Implementation of Standard 1 was flnally classified as
being successful on "limited" basis at the end of thls
study. Journal entries and the portfolio of student work
indicated a wise selection of activities however, and
Justifled all positive responses to lndlicators 2 - 5 after

week four.
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- Teacher #7

Teacher #7 provided one problem sSolving activity
during week one, two during week two, and three during week
three. Activities began with students being divided into
small groups of 2 - 4 according to ability. Students
immedlatefy responded well. By week four teacher #7 had
used problem solving to introduce the concept of distance
in one class and compound . interest in another. For the
weeks remaining in the study, the frequency of activities
varied between three and four per week. Teacher #7
responded ‘yes’ to all five indicators during week flve,
however, an examinatlion of the data found in the portfollio
of student work along with journal entries supported all
positive responses during week four. Teacher #7 and her
students enjoyed wusing problem solving as often as
possible. Of all eight teachers involved in thls study,
teacher #7 came the closest to full Iimplementation of

Standard 1.

Teacher #8

Teacher #8 had been using problem solving activities
once or twice weekly In all her classes as extra credit
exercises throughout the year. Therefore, during the first
two weeks of implementation, teacher #8 simply continued as
usual. During week three, the frequency was lIncreased to
three activities per week. Week four brought an Iincrease

in activities to four per week. Evidence found In student
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work indicated they were generalizing strategies during
week three, however, a ‘yes’ response to this indicator did
not come until week four, with week five recelving another
‘no’ response. Teacher #8 responded ‘yes’ to all five
indicators during week four and then again during week six
through nine. Examples of student work and Jjournal entries
~verified checklist entries. Teacher #8 expressed concern
that she was unable to teach all material from a problem
solving approach. However, Jjournal entries of the
reactions and attitudes of students caused this
investigator to conclude that her student were developing
thinking skills which would heip them become mathematically

functional In society.

Concluding the implementation period

The attempt to implement Standard 1 into the existing
curriculum had been in progress for nine weeks when this
investigator began to examine the existing data for
patterns which would suggest a conclusions as to whether
Standard 1 had been implemented. The criteria which was.to

be used in making such a determination were:

1. Standard 1 has been implemented and has become
a continuing aspect of the mathematics

curriculum at SCHS.

2. Standard i1 has been implemented as completely

as is possible under existing condlitions and
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currlicuium expectations at SCHS.

3. Weekly graphs show that the number of [ndicators
with positive responges for problem solving
activities have ceased to increase, or have

actually begun to decrease.

4, Teacher journals and weekly graphs indicate

implementation of Standard i1 is not possible.

The first data source to be 'examined by this
invegstigator dealt with whether the revised curriculum was
providing problem solving activities for students on a
regular basis. Table 15 indicates the frequency of problem
solving activities for each of the elght teachers for each
week of the nlne week implementation period. In every case
except one (teacher #6), teachers were providing problem
solving on a regular basls, lncreasing the number of
activities from one per week to at least three. Teacher #6
did create cause for concern, and even though he failed to
Increase the frequency of problem solving activities during
the course of this study, his students had formerly
received no opportunities to engage Iin problem solving.
Thus once per week was indeed a great Iimprovement for
teacher #6 after all. This Iinvestigator concluded that
Standard 1 had been implemented as completely as possible

glven pregsent conditions, teacher attlitudes, and curriculum
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TABLE 15

WEEK NUMBER

#3

#5

#6

3 3-4 3-4 3-4 3-4 3-4 3-4

#7

1-2

1-2

#8
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expectations at SCHS. Therefore, this aspect of Standard 1
was satisfied on a limited basis,.

The Investigator then began to re-examine the data

from the weekly checklists, individual Jjournals, and

portfolios of student work. For the most part, six of the
elght teachers had been overly cautious when submitting
thelr weekly indlvidual checklists. Examination of
individual Jjournals and portfolios of sgstudent work often
indlcated teachers were not responding ‘yves’ to several
indicators as soon as they should. The exceptions to this
have already been mentioned. Teachers approached the
problem solving activities with a ‘hopeful’ attitude;
students accepted them quickly, welcoming the opportunity
to learn mathematics in a less boring, more meaningful
manner. A cumulative weekly progress graph contalning data
from each of the nine weeks of the Implementatlion period
appears in Flgure 10. |

Since all eight teachers had glven across the board
positive responses for each of the five indicators for four
straight weeks, thls Investigator made the decision to
administer the assessment for congruence between the
revised curriculum and the recommendatlions of Standard 1.
Using the same likert scale checklist for curriculum
inventory which began the initial step of the evaluation
phase, teachers were asked to indicate the frequency of

problem solving opportunities for students in the revised
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curriculum. A compilation of the results on a second group
profile checklist, shown iIn Table 16, lndicated an average
of 5.0 (6 = on a regular baslis)> for all flve quallty
indicators of Standard 1.

At this time the Iimplementation period seemed
complete. However, a comparison of Standard 1 and the
Indicators of gquality being used to assess Standard 1
resulted in a small discrepancy. The recommendations of
Standard 1 and the Indicators of quality which were used to
evaluate problem solving In the mathematics curriculum
parallel one another In all but one area. Standard 1
recommends that the mathematics curriculum should include
the refinement and extension of methods of mathematical
problem solving so that all students can wuse with
Increasing confidence, problem solving approaches to
Investigate and understand mathematlical content. The
quality 1indicators do not address this recommendation.
Therefore, this aspect of Standard 1 was assessed In the
following manner: comments found in the individual teacher
Journals, examples of students work from the teacher
portfollos, and the examlnation of the results of a problem
solving attitude assessment survey whlch was glven to
students.

Individual teacher Journals were examined by this
investigator. Teachers lndicated that students began the

problem solving activitles with a degree of apprehension.
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TABLE 16

Second Group Proflle for Curriculum Inventory Resylts

SCALE: 1 to 5 where:
1 = never, 2 = seldom, 3 = occasionally,
4 = frequently, and 5 = on a regular basls

STANDARD 1: The currliculum provides students with the
opportunity to engage in problem solving.

| Scale indicated bv each: | Analysis
l Teacher |
Standard Indicator: FOITTITIFIFPISI|I S| E | Average
Inlwlilhlollilliltell !l ofall
The curriculum provides | et ol lultvIix | vi gl scores for
students opportunlity to:i | lelrilel Il el hi this
L1 ted ) 1 1nt t| indicator
| | | | | { { | [ '
Solve problems on a | i [ | | | | [
regular basils 1515151515185 18516581 5.0
I | | { | | | | l
| | | | | | I | |
Defline problems from | | i | | | ] | |
everyday life as well asl | | | | | l ! [
mathematical situations | 51 51 5151515185151 5.0
| | i | l | | | |
] | | | | | 1 | [}
[ | | | | ! | | |
Define and carry out ] | | | I | | ] |
plans to solve a varletyl | | | | | | | |
of nonroutine problems | 51 5§11 5151515151651 5.0
| ] i 1 | 1 l | }
| I 1 1 | 1 1 L
i | | | | I | | |
Verify and interpret | ! ] | | | | 1 }
their results 1515151515 15815151 5.0
| | | | 1 | L
- | | | | i | i | l
Generalize solutions | | | i | | | | {
and strategies toother | 51 51 5151518515151 5.0
situations | | | | | i i | |
| | | ] l | | |
|
Average of scores for all indicators of Standard 1: [ 5.0
L
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Students were reluctant to try new methods and walted for
examples and teacher Input. However, by the third week,
students seemed more comfortable and relaxed, indicating &
desire to do more problems. By the end of the seventh
week, students on the whole were eager to begln the
actlivities, did not ask for, or want, teacher assistance,
and showed increased competence and success In attalning
correct answers. Teachers also reported In thelr Journals
that the unexpected and extremely positive response from
the students sgerved to re-enforce thelr own posltive
attitudes toward the prbblem golving activitles. All but
teacher ‘#6 reported additional motivation to try new
methods of Instruction as a direct result of student
enthusiasm and interest.

The portfollios of student work were examined. Problem
golving actlvitlies began at flrst with simple actlvities,
rapidly becoming more involved and more sophisticated, with
the last problems of the portfollo becoming qulte
compllcated and Involved. Teachers Indlicated that
students, for the most part became more successful at
solving problems correctly as the study progressed, even
though the difficulty of the problems Increased.

Lastly, a Problem Solving Attltude Assessment was
adminlistered to students [nvolved In this study. Results
of the survey can be found In Table 17. Teachers were

curious to determine student reaction to the change 1|in
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TABLE 17

Problem Solving Student Attltude Assegsment Survey Results

1.

I belleve the problem solving activities in which I
have particlipated wil! improve my mathematics abllity.

88% AGREE 12 %  DISAGREE

I enjoy finding different methods for solving problems.

73% AGREE 27% DISAGREE

If I had a choice, I would not continue the problem
solving activities.

—20%  AGREE 80% __ DISAGREE

I believe the problem SOIVIng activities are a waste of
time.

10% AGREE 20% DISAGREE

I would rather the teacher just do the sections In
the book.

17% AGREE 83% DISAGREE

I would like the teacher to use a problem solving
approach when teaching.

74% AGREE 26% DISAGREE

I belleve working a wide varlety of problems will help
improve my conflidence in my ablllity to solve problems.

89% AGREE 11% _ DISAGREE

Working with different types of problems will not help
my mathematics ablility.

14% AGREE 86% DISAGREE

Having experience in a wide variety of problem solving
will help me attempt problems which I do not know how
to solve.

2% AGREE 8% _ DISAGREE
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TABLE 17 (Cont!nued)

10'

11'

12.

13.

14.

15.

Particlipating in the problem solving activities has
helped me to reallze I have to ablllty to solve varlous
problems.

78% AGREE 22%  DISAGREE

I do not like problem solving.

31% AGREE _69% DISAGREE

I would rather the teacher Jjust told me how to do the
problems.

__29% AGREE 71% _ DISAGREE

I feel better about my abllity to solve probliems slince
the problem solving activities.

78% AGREE 22% __ DISAGREE

Problem solving has improved my ability to think In a
loglcal manner.

80% AGREE 20% DISAGREE

Because of the broblem gsolving activities, I am more
conflident about my abllity to use dilfferent
strategles to find a solution for problems.

78% AGREE _22% _ DISAGREE
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curriculum. The questions were formulated by the teachers
particlpating in thls study using a mixture of positive and
negative statements ln order to avold “‘patterned
responses.’ Students were simply glven the questionnaire,
asked to read and answer each questlion with no further
instruction or discussion. A total of 864 or 96.5% of the
students involved ln the study responded (31 students were
abgsent; surveys were not administered to special educatlon
students since they were not participating In the study).
Questions #7, #9, #10, #13, #14, and #15 were designed
speciflcally to determine whether students had percelved an
increase In thelr confldence to use problem solving
approaches to Investlgate and understand mathematical
concepts, In question #7, 89% of students Indicated a
bellef that problem solving would help Improve Individual
conflildence to solve problems. Question #10 with a 78%
positive response indlcated that students have Increased
confidence in thelr abllity to solve varlous problems.
Question #9, #10, #13, #14 and #15 all Indicate a posltive
response greater than 75%. An analysis of the responses
for each of these questions led thlis lnvestlgator, and the
teachers Involved, to conclude that more than
three-quarters of the students participating had assumed
increasing confidence In thelr use of problem solving
gtrategles to understand mathematlics (there is an average

of 83% posltive responsgses for the comblned six questlions).
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The remalning questions were deslgned to determline whether
the participating students 1llked the problem solving
actlivitlies, and wished to contlnue with them, or whether
they would simply prefer teachers to use thelir regular
methods of Instructlon. Agaln results and attitudes toward
problem solving were very positive, Only 69% of students
admitted they actually llked problem solving (questlon
#11), however 88% believe [t will Improve their mathematics
abillity C(question #1) and only 20% of students would choose
not to continue using problem solving techniques (question
#3).

A flnal examination of the student survey results
revealed that sgtudents In the more advanced classes were
typically more positive 1In thelr attitudes toward the
problem solving actlvities. However, even those students
from the General Math classes Indlicated eagerness to
continue with the activitles and a bellef that they were
learning more useful mathematlics from the problem solving
activities than they typically reported learning from
worksheets and drill. It was also observed by this
investligator that the positive attlitudes of students and
teachers concerning the problem solving actlvities were
dlrectly‘related to one another.

After an analyslis of all three Information sources
(checkllists, Journals, and portfollos of student work),

this Investligator was able to conclude that Standard 1 had
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been implemented, with certaln pre-specifled limltations.
Those Ilimitations specify Implementation would begin
gradually with students engaging 1In problem solving
activities at least once weekly, Increasing In frequency as
the curriculum allowed and eventually being used as an
ingstructional practice. Teacher #6 falled to satisfy the
true spirit of Standard 1 Implementatlion, however problem
solving actlvities had Increased from 0 activitles to one
per week. It was not possible to persuade him to increase
the frequency beyond one activity per week. Resistance to
change by some teachers will be a major concern which will
be dlfficult to control durlng Implementation of any type
of program or Instructional change. As a result, at this

time, the implementation perlod ceased.

Post Implementation Perlod

The last phase of the study consisted of an analysis
of the attempt to Implement Standard 1 Into the existing
curriculum. The last four weeks of the study began with a
gecond set of Individual interviews. There follows a brief
profile of each teacher’s comments In response to the

followlng questions:

1. What are your present perceptions of the NCTM
Standards ln general, and Standard { In

particular?
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2. Have your perceptlons of problem solving changed

durlilng thls study?

3. Can mathematics educatlion be lmproved by

implementation of the NCTM Standards?

4. What factors wlll Inhlbit the Implementation of
the type of mathematics curriculum advocated by

the NCTM Standards?

5. Can the NCTM Standards be implemented into the

present mathematics curriculum?

6. What were the benefits/llabllities of this

program evaluation?

7. Will thls program evaluation impact the

mathematlcs curriculum at SCHS?

Teacher # 1

"I belleve the goals of the NCTM Standards are good,
but there are too many factors Iinvolved to Implement the
entire set of Standards at once. I think the Standards
could help Iimprove mathematlics educatlion, but I still
believe mathematics Improvement has to start with
Interested, qualiflied, willing teachers. On that topic, I
have not changed my mind. But I have seen improvement in
my students after working with the indlcators of Standard

1. I didn’t expect thlis study to change the way I teach,
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but it has. I think I can help my students more by making
them think, rather than Jjust concentrating on covering the
next page In the book. Rlight now the blggest factors which
will Inhlbit Standard Implementation are textbooks and
qualified Instructors. There was a 1ot of positive
reaction from my students to the problem solving
activities; they responded well to my efforts to change
teaching methods. When I glve them an opportunity to find
their own solutlons and strategies, they’re much more
interested and Involved. I think that’s great. I will
continue to use problem solving as an instructional method
whenever possible, however flnding approprliate materlals
Isn’‘’t easy. It was dlfficult to show students how to
generalize solutions and strategles sometimes. I think

overall, we’‘re making progress.’

Teacher # 2

"I belleve the. recommendations of Standard 1 are
reallistic and as a result, they can be lmplementéd into the
present mathematics curriculum. However, once again 1
think lack of time will be a problem. Some of the other
Standards look good on paper, but are not reallstic.
Teachers could never Implement them all In the present
curriculum. My students truly enjoyed the problem solving
actlvities, and since there has been such positive results,
I plan to continue providing them with problem solving

opportunities after this study concludes. I started out
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glving problems once a week for a couple of weeks. Then I
Increased the frequency. I‘ve even used problem solving to
introduce a couple of toplcs. That’s hard, but now the
kids expect 1|t. I‘ve seen many of my students actually
‘think’ for the first time. I feel I have learned a lot
from this study. First of all, I am now aware of the NCTM
Standards and recommendations, which is a beneflt. Second,
I now view problem solving In a different 1ight; before, I
considered problem solving to be just the word problems at
the end of the chapter. Last, I‘’ve learned that covering
the next section iIn the book may not be the best way to
teach my students. I found It difficult to find
appropriate problem solving material and that may be a
problem for the future. It was hard to provide students
with the opportunity to generalize solutlons and
strategies. Sometimes I found It difflcult to draw a
connection between mathematical sltuations and mathematics
from everyday life. In order for me to teach mathematics
in the manner advocated by the NCTM Standards, someone must
elaborate on some of the standards and what they actually
mean. But most of all I think teachers need to review the
Standards and recommendations and provide Input and
clarification based on practical experlence. As to the
results of thls study, 1’d say, implementation of Standard

1 was a success.'
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Teacher # 3

‘1 belleve the NCTM Standards are very ldeallistic and
very difficult to Implement in a typlcal high school
curriculum. However, I‘m glad we tried Standard 1 and I‘ve
been quite surprised by the results. 1[I would resist the
ldea of full Implementation of all fourteen Standards at
once though. I Just don’t think you could do It and stlll
cover all the basics these klds have to know also. I
already see thls lack of basic knowledge now and lack of
traditional Instructlon would make It worse. I think
teachers themselves will be the major obstacle for Standard
Implementation; they Just resist change of any sort.
Personally, I belleve the Standards don’t stand a chance of
implementation until our soclety gets away from their
fixatlion on standardlized test scores. I‘m surprised to say
that I will continue with the problem solving exercises
after this study concludes. My students demand it. They
truly look forward to the activitles and because of their
excitement, I was able to Increase the frequency rlight
away. I can fit lots of examples Into my Pascal class
without any real problem. It’s hard to find good
activities for all levels, but they‘re out there If you
dlg. The blggest beneflit of using the problem solving
strategies for me had to be students who were using their
reasoning abllity for the flrst time. Another blg pius has

been that students don’t sgseem afrald of ‘word’ problems
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anymore. The only real llabilitles are the time factor and
the lack of avallable quallty problems. For me the hardest
part of the Standard to Implement was generalizing
solutions and strategies. I belleve mathematics
Instruction will Improve at SCHS as a result of this study.
We Just have to make a consclous effort to maintaln the
progress we‘ve made. I’m not really sure I have the
ability to implement all the Standards. Before I have to
try, I hope someone will provide the training and the

materials to help me."

Teacher # 4

"I think Implementing Standard 1 has been a realistic
goal and has been very beneflclal to most of my students.
Some of the other Standards would be much harder to
attempt, and many of them I don’t understand well enough,
at this time, to even try. During the course of this
study, I have at least become famillar with the Standards
(I wasn’t famlllar with them at all before). I see the
problem solving strategles as a definlte way to Improve
mathematics education. It teaches students to reason
logically and use strategles of thelr own to solve
problems, rather than walting to Imitate the teachef.
However, some courses already have so much materlal which
has to be covered, that it ls difficult to get it all done.
It’s golng to be a problem flndlng enough time to do

everything. With so much emphasis on end-of-course
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testing, and the pressure to produce high scores on them,
It will be extremely hard to concentrate on what’s really
best for the students. However, I do plan to contlnue with
the problem solving activities, and to use problem solving
to Introduce new material when It seems possible. My
students welcomed the change and actually looked forward to
working on strategles of thelir own. The hardest thing for
me to implement was getting students to understand how to
generalize strategies and solutions. I really think the
Standards would be easier to implement [f students had a
better math background. Then new materials and new
concepts could be presented rather than using so much time
to review old material agaln and again. I think that’s one
reason students find math so boring and consequently,
unstimulating. I really would llke to take a course which
would help me teach In a manner more consist with the

recommendatliong of the Standards."

Teacher # 5
“The Standards sound good, but they certainly can’t be

implemented across the board. Standard 1, unlike several

" others, was quite reallstic and reasonable. I believe

implementation of some of the Standards could help improve
mathematics education eventually. I will continue the
problem solving actlivitles after thlis study ends. I’ve
geen a blg change in some of my students; many have asked

for more problems, have seemed more motivated, and have
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actually shown signs of thinking on their own. I bellieve
though that In order to be truly succeséful, teachers must
start problem solving In early grades and expand and
intensify gradually untll mathematics is taught routinely
In a problem solving manner . Right now, time is a major
concern. How do I contlinue to cover all those pages In the
book, while I also Instruct more slowly using problem
gsolving? I will certalinly try, because 1 realize students
are not satisfled with the old memorization technlques
either. The hard part Is findlng appropriate materials.
Most textbooks don‘t even come close to problem solving
techniques; I‘d like to see one that did. It would be nice
to be able to have a staff development class on how to

teach from a problem solving perspective.*

Teacher # 6

"I see problem solving as a meaningful activity, but I
think 1f we try to use thls as the total approach to
mathematlcs education It would be placing too much emphasis
on a single facet of mathematics. Concepts and skills need
development also. Overall, however the Standards are
worthwhile and with proper Implementation could definltely
improve mathematics education. However, lack of
appropriate materials and teacher training will be serious
problems for Standard implementation. At first my students
were qulte reluctant to try anything dlifferent. They

walted for me to gulde them, prod them, and glve them
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hints. Now they work Independently, eagerly, not wantling
my guldance. At first 1 was skeptical about problem
solving activities; but now 1t’s working beautifully. This
evaluation gave students a chance to see applications of
mathematlics beyond the normal scope of the course, which
was definitely a plugs. Materlals for this type of activity
are in falrly short supply, however I wlill continue to
provide problem solving opportunities for my students on a
regular basis. The hardest Indlcator for me to implement
was the last one -- providing stﬁdents the opportunity to
generalize solutions. Defining problems from everyday 11ife
was difficult In the higher math classes. This study has
caused me to be more alert to the need to lnvolve students
in situations requiring logical reasoning and reallstic
thought processes. While I would not teach any topic
consclously trylng to lncorporate these or any other set of
standards, I will use problem solving techniques when

appropriate."

Teacher # 7

“Standard 1 1s not only realistic, It should be an
egsential part of our curriculum. However, measuring a
student‘s abllity to think critically may be the difficult
part of implementing the Standard. My perception of this
Standard has certainly changed during the course of this
study. I believe I now have a clearér understanding of

what actually constitutes problem solving. Also I now
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belleve |Implementation of Standard 1 can Improve
mathematics Iinstruction which I had reservations about
before the study. I was surprised at my students’
reactions to the problem solving activitlies; they truly
enjoyed dolng them. It will make it more difficult to
cover the required material for end-of-course testing, but
I plan to contlinue offering problem solving activities to
my clasgses. [ started out slowly, but the students caught
on qulckly. They worked hard to find their own solutions
and strategles. One day I Just walked Into class, gave
them three polnts and told them to find a way to determine
the distance between them. It felt great, for the klds and
myself, when they came up with the distance formula.
Another of my classes figured out the formula for compound
interest. I plan to attempt similar methods anytime I can.
I have always tried to get my students to think and to show
divergent methods for solving problems, however I feel that
now I will be more aware to allowing them to discover their
own methods and solutions. I believe I am capable of
teaching mathematics i{n the manner advocated by NCTM, but I
would certalinly appreclate a course or a book which could
help provide appropriate materials. Even though It’s
always difficult to measure the success in any attempt to
improve critical thinking sklills, I feel the Implementation
of Standard 1 may eventually help our students In ways we

can‘t even be aware."
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Teacher # 8

"The NCTM Standards are positive and necessary.
However, I feel that In order to glve more attention to
them, we will have to relleve some of the pressure on the
end-of-course testing for a couple of years. Problem
solving, llke all the Standards, needs to be introduced
gradually, allowing students time to galn skills before
all, or most, ideas in mathematics can be taught using this
approach. I belleve this study has helped do exactly that.
I started out slowly with the problem solving, but now my
students are hooked. I try to teach using problem solving
technlqﬁes whenever possible. End-of-course testing and
Senate Bill #2 requirements will Inhiblt Implementation of
NCTM Standards. I1f we try to implement the Standards, at
first I think test scores will go down. But In the long
run a generation of ‘thinkers’ wlll be produced and that
can only help society. The most difficult aspect of
Standard 1 to implement Is allowing students to generalize
to other sjituations. I am still not teachling from a
problem solving approach. I need more planning time to
revamp an entire sgubject area Into a problem solving
approach. 1I‘’d llke to take some courses which might help;
I‘d also like to see good material made avallable. But as
always on educatiocn, patlence pays off. With the proper

help and a 1llittle time, we will Improve mathematics
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education through problem solving and the other NCTM

Standards."

Following the second series of individual interviews,
It was noted by this lnvestigator that the teachers in this
program evaluation had not changed their views of the NCTM
Standards In general, however, thelr Impressions of
Standard 1 were much more favorable. All elight teachers
seemed genuinely surprised and pleased by the response of
thelr students; none of them had honestly expected to see a
difference 1In thelr teachlng attltudes and methods.
However, all elght teachers Iindicated a desire to continue
with the problem solving activities In an effort to help
create an attitude among students that mathematics |is
reasonable, interesting, and useful. The general attltude
among the eight teachers toward the usefulness of this type
of study was a posltive one. They stated a bellef that
this study had helped them see a need to change their
teaching styles; something which would not have happened
otherwise. Flnally, all elght teachers Indicated a bellef
that the Implementation of Standard 1 Into the present
curriculum (even though it was not a full implementation)
would gradually Improve mathematics education at South
Caldwell High School. The teacher responses to the

interview questions can be summarized as follows:

Q 1. What are your present perceptions of the NCTM
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Standards In general, and Standard 1 in

particular?

Standard 1 |s worthwhile and with work and
dedication can be Implemented at least on a
limited basis Into the present curriculum.
Individual teachers however must be willling

to change for the sake of Improving mathematics
educatlon. By following the recommendations of
Standard 1, teachers can help students organize
and develop thelr abllity to reason and think
and provide them the opportunity to increase
their confldence in thelir own abllity to use
mathematics. Implemenﬁatlon of all fourteen
Standards, however would be difficult and would
necessltate drastlic change, somethlng most

educators would resist.

Have your perceptlons of problem solving changed

during this study?

Yes. Most teachers have a concept of problem
solving as working the word problems at the end
of each chapter. Thlis study has helped teachers
realize that problem solving can be any activity
which allows students to attempt to find an
unknown solution to an existing question.

Teachers also stated a belief that the use
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of problem solving strategles would Improve

mathematlcs iIngtruction at SCHS.

Can mathematics education be improved by the

impiementation of the NCTM Standards?

Probably yes. However, time and materlals will
be Inhibiting factors which will be difficult

to overcome.

What factors will inhiblt the implementation of
the type of mathematics curriculum advocated by

the NCTM Standards?

Teachers will interpret the Standards in varying
ways.

Educators at all levels will be resistant to
change.

The assessment of student progress would be more
difficult.

Teacher evaluation would be more difficult.
Local school units will need lncreased funding
in order to supply the necessary materlials.
Teachers would require massive retraining.

As long as teachers feel accountable for and
continue to teach toward End of Course Tests,
the recommendations found in the NCTM Standards

will not be taken serlously.
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Can the NCTM Standards be Implemented iInto the

pregsent mathematics currlculum?

Perhaps, but only partially. Untlil teachers at
all levels are glven an opportunity to learn
new methods and techniques of instruction and
understand completely the recommendations of
each Standard, Iimplementation will be only on a

limited basls at best.

What were the benefits / llabllities of this

program evaluation?

There were several beneflts. Students enjoyed
the opportunity to think, and to reason
loglically. They seemed much more receptlive to
making attempts to solve new problems without
walting for teacher Instruction and guldance.
Students also seemed more receptive to and less
afraid of typical word problems. Teachers became
more aware of problem solving strategies and
new technliques for teaching. There seemed to be
an overall positive effect on students and
teachers. The biggest llabllity was the one
concerning time spent away from material in the
book. Another was the unavallabllity of

appropriate materials.
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Q 7. Will this program evaluation lmpact the

mathematics curriculum at SCHS?

A 7. Definitely. Teachers will contlnue to provide
problem solving activities for students after the
study concludes. In additlion, teachers will
continue to look for methods of introducling
topics through the use of problem solving

actlvities.

The study concluded wlth one last focus group. Due to
the overall positive response to problem solving actlvitles
by students and teachers, all elght teachers plan td
continue problem solving activities and hope to find
methods of Iintroducing new topics using problem solving
techniques. The actual resuits from the implementation of
Standard 1| are not easlily measured, but the teachers
involved in thls study have Indlcated that students are
learning to think and inquire In new and different ways,
and as a result mathematlics instruction has been affected
in a positive manner. The questlions which were answered

durlng the lagst focus group can be summarlzed as follows:

Q@ 1. Was the implementation of Standard i1 successful

and complete?

A 1. Teachers classified the attempt to implement

Standard 1 as belng very successful, even though
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at this time the Implementation remalns |imlted.
Both students and teachers indicated a belief
that mathematlcs educatlion could be improved by
the continuation of the problem sclving
actlvitles. Those teachers Involved in this
study have indicated also that they began the
implementation period with an attltude of
acceptance, thinking problem solving activities
would cease when the implementatlon perliod was
complete. However, teachers now plan to continue
using problem solving strategies whenever
possible. The implementation of Standard 1 into
the mathematlcs curriculum at SCHS not only
produced lasting lnstructional changes, It has
also helped create new attltudes toward and
interest for mathematics among students and

teachers.

If the implementation of Standard I was not

complete, what were the inhibitling factors?

Teachers Indicated the Implementation of Standard
1 was not complete, since the Introduction of

new material from a problem solving perspective
remalned very difflcult and as yet was not a
common occurrence in mathematics classes at SCHS.

Before problem solving can become a routline
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method of Instruction, teachers will need to
adopt a new role In thelr classrooms--a role as
a facllitator of knowledge rather than as the
source of and dispenser of all Information.
Before this can be done, teachers will need
ﬁew materials, additional training, more freedom
to decide what and how to teach, more time

and smaller classes, all combined with the
public and professional support necessary to
get the Jjob done. A present lack of all these
ltems helped lnhibit the Implementation of

Standard 1 Into the present curriculum.

How did students react to the change in

currlculum?

An examination of the results of the problem

solving assessment survey which was administered

to 96.5% of the students involved in this

study show a very positlve response by students
to the problem solving activities. Teachers
have also indicated that many students made
comments that for the first time ever, math
class was Interesting and even fun. Students
requested an lncrease in the number of
activities, and even suggested using their

own time to work on sgpeclal projects. Student
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reactlon was lndeed not only very positive, but

very surprising and gratifylng.

What problems were encountered during the

lmplementatlon of Standard 1{?

The major problems teachers expressed repeatedly
pertalned to lack of appropriate materlals and

an inabllity to develop thelr own. There were
also major concerns over the amount of time spent
away from the textbook and whether this would
result in lower scores on end of course testing.
In addition, teachers felt uncomfortable with the
lack of precision and direction from NCTM
regarding Implementatlion of thelr Standards.
Recommendations for Improvement are fine, but
teachers need to know how to put them into

practice.

Did teacher perception of Standard i change

durling the course of the study?

Definitely. First, none of the teachers
involved In this study expected to make any
lasting changes in their methods of instruction.
Implementation of Standard 1 into the SCHS
curriculum has resulted In a re-assessment of

individual teaching styles by at least gseven of
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the elght teachers particlpating. Second,
problem solving is a term familiar to every
mathematics teacher; 1it’s a toplc teachers
commonly believe Is covered in math class every
day. This study helped teachers at SCHS to
understand that not all mathematics is true
problem solving and that students can beneflit

fromvmore than one type of instructlion.

Following the final focus group, this Investigator
utilized the remainder of the post implementation period to
examine and synthesize the data which had been collected.
After a four week post Iimplementation period, this
evaluatlion case study offlclally came to an end, however
teachers at SCHS contlnue to use the beneflts of this study
iln an effort to Improve the mathematlics currlculum and

thelr own methods of lnstruction.
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CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

In summary, there are many possible next steps to

improving mathematics teaching and learning. 1f

we make a long~term commitment to the standards

set forth within thlils document, |f we approach

the task with the wlll to persevere, 1f we are

critical of the steps we take, and |f we make

needed mid-course corrections, we will make
progress toward the goal of developing
mathematical power for all students.

The National Counclii of Teachers of

Mathematlics, 1989.

This chapter contains four sections. First, a summary
of the study 1s presented. The second sectlon gives the
conclusions of the research. Section three sites
limitations of the study. Finally, the chapter concludes

with recommendations for further study.

Summary of the Study

The purpose of this lnquiry was to assess the current
gstatus of problem solving in a mathematics currlculum in a
typical high scheel, and to zxamine the process involved In
the implementation of the recommendations found in Standard
i: Mathematics as Problem Solving, which was developed by
NCTM 1n the Teachina and Curriculum Standards of Hiah
School Mathematics. More gpeciflically, the following

questions were used to gulde this program evaluatlion:
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To what extent Is the criterla of Standard i
not being satisfled by the current mathematics
currliculum In grades 9 - 12 In a speclfled

high school?

What are the changes percelved by teachers to
be necessary before the curriculum
standards found In Standard 1 can be fully

implemented?

What are the factors which may inhibit or
enhance the implementation of NCTM‘’s
vigion for a more relevant and useful
mathematics curriculum within a specified

gschool?
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The NCTM Curriculum Standard which was selected by

investlgator to guide thils evaluation case study 1s:

Standard 1: Mathematics as Problem Solving

In grades ¢ - 12, the mathematics curriculum should

include the refinement and extension of methods of

mathematical problem solving so that all students

can --

-~-uge, with increasing confldence, problem-solving

approaches to Investigate and understand

mathematical content;
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--apply Integrated mathematical problem-solving
gtrategies to solve problems from within and

outside mathematlcs;

-~-recognize and formuiate problems from situations

within and outside mathematics;

--apply the process of mathematical modelling to

real-world problem situations.

During the evaluation of Standard 1: Mathematics as
Problem Solving, this Investlgator wutlllzed those
indlicators of quallity for Standard i1 which were developed
by the Center for Educatlonal Research and Evaluatlion at
UNC-G for the evaluation of mathematics programs. Those

indlicators are:

Standard 1: The curriculum provides students with
the opportunity to engage Iln problem

solving.

1.1 The curriculum provides students with the
opportunity to solve problems on a regular

basis.

1.2 The curriculum provides students with the
opportunity to defline problems from everyday

life as well as mathematical situations.
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1.3 The curriculum provides students with the
opportunity to develop and carry out plans

to solve a wide varlety of nonroutine problems.

1.4 The currlculum provides students with the
opportunity to look back at the original

problems to verlfy and interpret their results.

1.5 The curriculum provides students with the
opportunity to generallize solutions and

gtrategies to other situatlons.

A comparison of the recommendations of Standard 1 and the
filve indicators of quality which were used to evaluate
problem solving in the mathematics curriculum show they
parallel one another in all but one area. The flirst
recommendation of Standard 1 states that the mathematics
curriculum should Include the refinement and extension of
methods of mathematical problem solving so that all
students can wuse with lIncreasing confldence, problem
solving approaches to Investigate and understand
mathematical content. The quality Indicators do not
address this recommendation. Therefore, this aspect of
Standard 1 was assessed in the followlng manner: comments
found in the Iindividual teacher Journals, examples of
student work from the teacher portfollos, and the
examination of the results of a problem solving attltude

assessmeht survey administered to students.
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South Caldwell High School was selected as the slite
for this program evaluation with all‘nlne members of the
mathematlics department particlpating. Asgs one of those nlne
teachers, this Investigator was a particlipant Iin all
activities lnvolving this case study. However, personal
reflections and data‘from this Investligator has not been
included in the data collectlon or data analysis which
documents results from the remaining elght mathematics
teachers only.

The study consisted of three phases: preparing to
evaluate, program evaluation, and a post Implementation
period which Qas uged to examine the attempt to Implement
Standard 1. The flrst phase began with a gserles of
Iindividual interviews, during which teacher background,
educational views, attitudes concerning the status of the
current mathematlics instruction and outside demands for
reform, as well as knowledge of the NCTM Curriculum and
Teachling Standards were discussed. A focus group of all
elght teachers was held, during which time Standard 1 was
discugsed iIn the following manner: importance within the
mathematics curriculum; methods which might ease
implementation; and, changes perceived to be necessary to
achleve complete Implementation. Teachers were given the
five Indicators of quallity which were developed for the
evaluation of problem solving within the mathematics

curriculum. Since several terms used within these
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Indicators can be interpreted differently, a second focus
group was held to define for use In this study the
following terms: curricutum, problem solving, on a regular
basis, nonroutine problems, and mathematics for everyday
life.

The evaluation phase of the study began after four
weeks of preparation, beginning with the assessment of the
congruence of problem Solving 1In the pre-existing
curriculum and the recommendations of Standard 1. Each of
the elght mathematics teachers were asked to complete a
likert scale checklist for curriculum inventory detailing
the stafus of problem solving opportunities for students in
the pre-existing curriculum. Individual checklist were
returned to the Iinvestigator, who used the data to compile
a group proflle, Indicating by an average the degree to
which the mathematics curriculum was used to provide
problem solving activities for students. This group
profile for all elght teachers indicated the opportunity to
solve problems in the pre-existing curriculum with an
average of 1.925 was some where between 1 (never) and 2
(seldom). Since the group proflle checkilst indicated a
clear dlscrepancy between the criteria of the pre-existing
curriculum and the recommendations of Standard 1, six
recommendations for change were made:

1. Begin Implementation of problem solving activities

on a regular basis (at least once weekly in the



195

beginning, then with Increasing frequency as the
study progressed).

2. Introduce nonroutine problems Into the mathematics
currliculum.

3. Encourage students to verlfy and Interpret their
results.

4. Provide students opportunity to generallze results.

S. Deflne problems from every day llfe as well as from
mathematical sltuations.

6. Make every effort to utlllize problem soliving
strategles to introduce new material when
approprlate.

Teachers began an Indefinite implementatlion perliod, during
which time they were asked to adhere to the above
recommendations. Teachers were asked to complete weekly
checkllists, detalling the problem solving activitles which
were completed each week and the degree of complliance with
the above recommendations. A portfollo of dated student
work was used to verlfy results, along with indlvidual
teacher Jjournals which recorded teacher concerns and
perceptions of each activity. After a perliod of six weeks,
all elght teachers were able to respond In a positive
manner to each of the five indicators found on the weekly
checklist and after four weeks of across the board positive
responses, a second assessment of the congruence between

the curriculum and the criteria of Standard 1 was
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completed. Using the same Illkert scale checkllst for
curriculum inventory which began the initial step of the
evaluation phase, teachers were asked to Indicate the
frequency of problem solving opportunities for students In
the revised curriculum. A compllation of the results on a
gsecond group proflle checklist Indicated an average of 5.0
(S = on a regular basis) for all flve Indicators for
Standard 1. After an examination of the data from the
individual Journals, the portfollos of student work, and
the Problem Solving Student Attitude Assessment resuilts,
this investigator was able to conclude that Standard 1 had
been implemented. At this time the implementation period
concluded.

The last phase of this study consisted of an
examinatlon of the attempt to implement Standard 1 lnto the
exlsting curriculum. The last four weeks of the study
began with a second gset of Iindividual Interviews during
which the questions asked were:

1. What are your present perceptlions of the NCTM
Standards in general, and Standard 1 in
particular?

2. Have your perceptions of problem solving changed
during this study?

3. Can mathematics education be improved by the

implementation of the NCTM Standards?
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4. What factors wlll inhlblt the implementation of
the type of mathematics currlculum advocated by
the NCTM Standards?

S. Can the NCTM Standards be Implemented into the
present mathematics curriculum?

6. What were the benefits / liabillties of this
program evaluation?

7. Will this program evaluation impact the

mathematics currlculum at SCHS?

The study concluded with one last focus group of the eight
teachers, during whlch teacher reactions to the
implementation were discussed as well as plans for future
problem solving activitles. Due to the overall positive
response to problem solving activities by students and
teachers, all elght teachers plan to continue problem
solving on a regular basis. Actual results from the
implementation of Standard 1 wlll probably never be
conclusively known, but the teachers involved iIn thisg study
indicated that students were learning to ‘think’ and
“Inquire’ In new and different ways, and as a résult
mathematics Iinstruction has been affected In a positive

manner.
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Conclusions of the Research

Data from the research support the following

conclusions to the questions which were used to guide this

evaluation case study.

1.

2.

To what extent are the recommendations of
Standard 1 not befng satisfled by the current
mathematics curriculum In grades 9 - 12 In

a speciflied high school?

Conclusion: The recommendations of Standard

1 are not being satisfied by a typlcal
mathematics curriculum. Data from teachers
indlicated an average of 1.925 on the First
Profile for Curriculum Inventory. With

1 = never and 2 = seldom, this data lindicated
that students were particlipating in problem
golving on a very limited basis. Data from
teacher interviews Indicated that teachers
continue to teach mathematics in the manner it
was taught decades ago -- teachers prescribe;
gstudents transcribe. Students continue to learn
mathematlics from imitation, lectures, worksheets
and routine homework. Problem solving is

an activity In which many students never (or

very seldom) have an opportunity to engage.

What are the changes percelved by teachers to
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be necessary before the curriculum recommenda-

tions found in Standard 1 can be implemented?

Conclusion: Teachers must first recognlize the
need for change. Second, teachers must be given
the opportunity to change. This will Include
providing them with new materlials, approprlate
training, smaller classes, more time, less
pressure to produce high test score averages, the
freedom to make cholces on what and how to

teach, and the publlic and professional support

-to requlired for each of these. And last, but

perhaps most important, teachers must not resist

change.

What are the aspects of current mathematics
education which may inhlblit or enhance the
implementation of NCTM“s vision for a more
relevant and useful mathematlcs curriculum

within a typical school?

Concluslion:
Those aspects which may enhance NCTM Standard

implementation:

—--Students take more respongibility for thelr

own learning.
--Learning mathematics becomes more relevant

to the Individual student.
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--The study of mathematics becomes less stressful
for students as they reallze mathematics can
be interesting and stlmulating.

--Students gain strength as problem solvers and

independent thinkers.

Those aspects which may Inhibit NCTM Standard

implementation:

--Time.

--Class silze.

--Lack of appropriate teacher training.

--Lack of materlials.

--Lack of general agreement on how to “fix’
mathematics education.

--Lack of planning time.

--Parents and students who are not ready to
accept change or new trends In education.

--Presgsure to produce high test score averages,
and to cover textbook material first.

--Diffliculty ln student assessment.

~--Teacher evaluation.

--Teachers who resist change.

Conclusions from this study have also been derived from
each of lts three phases. During the preparing to evaluate
phase, data from the Individual interviews support the

following conclusliong:
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--Teachers resist pressure from outside Influences.
--Teachers In general are not famillar with NCTM
Standards.

--Teachers will not make radical changes In mathematlics
instructlion, but are willing to make slow, gradual change
for the sake of improved Instructlon.

--Teachers do not belleve a set of Standards can cure the
pregsent lack of mathematics knowledge among the nation‘s
youth. They belleve educatlional Improvement will only
come |f parents, teachers, students, professlionals, and
the general public Joln together to filnd workable
solutions.

--Teachers do not feel motivated to try new technliques
which have excluded the expertise of teachers during
their formulation.

--Teachers currently feel pressured to teach to
end-of-course tests, and to cover each section In the
textbook. Problem solving Is viewed as an ‘extra’
activity and as such 1s often excluded from the
curriculum.

--The NCTM Standards are considered to be vague and
easlly mis-interpreted. Teachers will need further
explanation and clarification before implementation will

be attemptable.
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--Implementation of the NCTM Standards will requlre
massive teacher re-tralning combined with the adoption of

approprliate materials and textbooks.

All elight teachers involved in this case study agree
that reform 1is needed 1in the present mathematics
curriculum, yet there 1Is wldespread disagreement as to
which course of actlon wlll best accomplish thlis reform.
Two teachers Indicated a need for back to basics, with the
necessary skills belng stressed in earller grades, in much
the same manner as reading skills. Two teachers indicated
a need for addlitional and more relevant mathematics courses
at every grade level for average students. They stated
that much time and effort lIs spent on advanced mathematics
Instruction for the top tén percent and remedlal
instruction the lower twenty percent of students, yet there
ls almost no effort toward Instruction of, and very few
courses designed speclfically for, the majority of students
who are consldered average. Teachers indicated that many
of these students simply avold mathematics, particularly
during high school and later become one of the many
Individuals who are unprepared mathematically to functlon
in society today. Two other teachers Indicated a bellef
that the apparent lack of adequate education among youth in
general is a direct result of the belliefs and attitudes
propagated in our present soclety. Teachers say students

are encouraged to memorize rather than learn, and to
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bellieve that test scores are more important than learning
and retention, and that grades, rather than ability,
determine one’s future. These teachers believe education
will improve only Qhen the views so prevalent in soclety
change.

Only one of the elght teachers Involved In this study
had previous knowledge of the NCTM Standards, and then only
because of college course work encountered while working on
a Master’s Degree. The other seven teachers had never seen
a copy of the fourteen Curriculum and Teaching Standards
for Hiah School Mathematics. These teachers stated that if
they are not kept Informed and made aware of
recommendations for Iimproved Iinstruction, that these
recommendations were not 1llkely to be Implemented.
Professional organizations and state offlclals should find
a way of keeping teachers well Informed of all developments
and curriculum updates. (This investigator has also
concluded that teachers should Jjoln their professional
organizations and should take the initiative to find out
what innovations are taking place Iin thelr field. This was
based on the fact that only one of eight teachers In this
high school belonged to NCTM. See Table 7.) Teachers
report that If they are not Involved, It seems unlikely
that instruction will limprove. It ls also understandable
why none of these teachers seemed too concerned by outside

influences who demand change In the present educational
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system. None of the elght teachers involved in this case
study respond to demands for higher test scores and indeed
are not convinced that test scores are accurate Indicators
of mathematics Instruction. They are concerned for the
progress of thelir students and are willing to develop new
teéching methods |f students can benefit from them.

While none of the elght teachers recognized the NCTM
Standards as a cure-all for mathematics education, each of
them lndlicated a willingness to attempt a slow, gradual
implementation of the Standards. However, they feel many
of the Standards wlill need to be clarified and defined,
otherwiée many teachers will assume they already satlisfy
most, if not all, of the recommendations. They agree that
they teach math today in much the same manner as they were
taught twenty to thility years ago, and any drastic change
will require extensive re-training and the development of
new teaching technlques. Currently teachers report that
they simply do not have the time to develop on their own
the type of material which would allow them to teach
mathematics in the manner advocated by the Standards.

All elght teachers indlicated that presently they have
a tendency to teach toward the end-of-course tests and that
they feel obligated to cover each sectlon In the textbook.
This too Is understandable, due to the current emphasis on

test scores and the Inevitable comparisons of local test

. score averages with gtate and national averages.
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Implementation of the Standards will slow down those
teachers who seem proud of the number of pages covered 1in
the textbook each year. |

Finally, teachers indicated a bellef that educatlonal
trends are cyclic and that problem solving is not a new
method of mathematics Instruction. During the

pre-evaluation interview, Teacher # 8 produced a copy of

the preface to a book titled General Mathematics: A
Problem Solving Approach. The preface addressed the

revision and refinement of a former text with the new text
seemingly contalning all the features and criteria
contained in NCTM’s Standard 1. Yet the surprising fact
was not the suggestion of a problem solving approach, but a
copyright date of 1965. This seemed to support these
teachers’ bellefs that educational trends are repetlitive
over a cycle of about twenty—flvelyears. This mathematics
faculty 1|3 experienced and has seen varlous reform
movements come and go, most of which have made no
gsignificant Impact toward improving mathematics education.
As such, this mathematics faculty reported that they are
not yet convinced that the fourteen Cyrriculum and Teaching
Standards are not Just another qulck-fix remedy which may
or may not work. These teachers state that they would like
to be a part of the process when scolutions are suggested
for lmproving mathematics educatlion. They have indlcated a

belleve they have the knowledge and experience necessary to
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make wise cholces and a responsiblility to make those

cholces carefully.

Data from the evaluation phase of this Inquiry

supports the following conclusions:

-~The recommendations from NCTM’s Standard 1 are not
currently belng satisfiled by the typical mathematics
curriculum.

--Problem solving activities are generally reserved for
end of the chapter routine problems, perhaps once a
month or less often.

--Students are typlcally taught specific. methods for
golving these routine problems.

--Standard 1 can be Iimplemented Iinto the existing
mathematics currliculum, with certaln pre-specified
conditions. Those conditions specify implementation will
begin as ‘add on’ actlivities, which will lIncrease In
frequency and gradually become part of the normal
Instructlional process and eventually an Integral part of
the curriculum.

--Allowling students to generallze solutions was the most
difficult aspect of Standard i1 to Iimplement, followed
closely by defining mathematics from everyday life as
well as mathematical situations. Very few textbooks

address elther concept and material ls limited.
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--Teachers wlll require the provision of new materlals,
gince lack of time will prevent them from developing
thelr own.

When thlis case study began, problem solving ‘on a
regular basis’ was defined to be at least once weekly. As
3uch, problem solving opportunities began as ‘add-on’
actlivities which were done in addition to the regular
mathematics instruction. Teachers in essence were not
changing thelr methods of teachlng, they were simply addling
problem solving activities which they previously had
excluded. They began by introducling new types of problems,
gome with routline solutions, others with multiple
gsolutlons, and still others with possibly no solution at
all. Teachers attempted to provide activities for students
which would allow them to view mathematlics In a more useful
and personal manner. Students who often think of
mathematics és an exerclise in memorlization were encouraged
to simply reason through a sltuation in a logical,
gystematic and organized manner. Results were surprising.
Journals which were kept by Individual teachers indicated
that students enjoyed the change and looked forward to the
exercises. Students began to find their own methods for
solutions and were able to show others why certain
strategles work and others falled. The frequency of the
problem solving actlvities began to Increase steadily. By

the end of the Iimplementation perliod, teachers were
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beglinning to search for methods which would allow them to
Introduce and teach new toplics through a problem solving
orientation. This however proved to be difficult. While
some topics lend themselves to problem solving strategies,
most topics seem to revert back to teacher lecture methods,
while students copy and imitate. This fact was
discouraging. However, all elght teachers indicated a
desire to continue offering problem solving opportunities
to their students on a regular basls, and to continue
searching for methods which would allow them to use problem
solving as an Iinstructional method. All elght teachers
Indicated positive results from the Iimplementation of

Standard 1.

Post Implementation

Data from the last phase of this case study was
obtalned from a second serles of individual Interviews and
a final focus group. According to the Iinformation
obtalned, this Investigator was able to make the following

conclugsions:

--The Implementation of Standard i1 was successful with

certaln pre-specified limitation. Those limitations
speclfy that implementation would begin gradually, with
students engaging in problem solving activities at least

once weekly, increasing in frequency as the curriculum
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allowed and eventually belng used as an lnstructlonal
practice.

--Teacher perception of Standard 1 became more positive
during the course of this study.

--Students became more wlillng to attempt solutions for
problems without walting for teacher instruction.

--The major factor which will enhance or Iinhibit the
implementation of the Standards wlll be the willlngness
or reluctance of the teachers themselves.

--Students enjoyed the opportunlity to explore and think
for themselves.

-—Teaéhers plan to continue problem solving activities on
a regular basls.

--Teachers expect to be more aware of the manner in which
new material 1|s presented and will try to use problem
solving techniques to do so when possible.

-~-Teachers want textbooks and renewal courses which will
help them implement the Standards in the manner advocated

by NCTM.

All data collected from teachers during the Initlal
interviews indicated that even though they were willing to
try Implementation of Standard 1, they were not expecting
much in terms of results and they were far from convlinced
that their curriculum and subsequent instruction would
undergo any signiflcant change. This lnvestlgator

developed a distinct impression that problem solving
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opportunities would simply be extra activities for the
duration of this study and would then cease. The most
surprising and gratifylng aspect of the entire
Investigation was the realization that teachers and
students indicated a desire to continue problem solving on
a regular basig, after the study was completed. Even more
surprlising was the indication by teachers of the intent to
use problem solving as an Iinstructional tool whenever
possible. Durlng the last focus group, this lnvestligator
asked teachers to share ldeas which would allow them to
present new topics using problem solving techniques. Seven
of the teachers responded with well thought out examples,
while only Teacher # 6 Indlcated that time constraints
would not allow him to develop his own teaching materials.

Each of the elght teachers lIndicated that providing
students the opportunity to generallze solutions and
strategies to other situations was the most difflcult
indicator of Standard { for them to implement; it was also
the last of the five indicators to receive across the board
positive responses on the weekly checkllists. Once again,
lack of avallable materlial seemed to be a problem.

The teachers involved in this study believe the NCTM
Standards will be dlifflcult to lmplement Into the existing
curriculum. They would llke to see an Implementatlon
period, during which time test scores and student

achlevement comparisons would be eliminated as indicators
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of educational success. Teachers Indicated a desire to see
mathematics instruction emphasize learning rather than
memorlzation, quallty rather than quantity. They ask for
the time and training required to do both; only then will
the reality of mathematics education resemble the
professional views of what mathematics education should be.

The filnal conclusions of this study pertaln to the
question of Instructional techniques. Why do teachers
continue to teach mathematics using the same methods of
Instruction which were used decades ago, when they
apparently see the need and value of teaching in the manner
advocated by NCTM? There appears to be three major factors
which propagate the use of outdated modes of Instruction:
time; materlals; and teacher evaluatlion.

The decade of the 1980s brought Iincreased demand for
improvement In public education. Many Individuals
advocated a back to basics approach to instruction, where
students are presented with more material and more toplcs,
and are expected to retaln more information thus becoming
more knowledgeable. As a matter of efficlency, teachers
learned that the quickest way to cover new materlal was the
“teacher presentation, student imitation’ method. As more
and more teaching became expected of our educators,
teachers report less and less time became avallable to them
to experiment, to try new techniques, and to lnvolve the

student in his own learning. At the same time, teachers
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have Iindicated there 1|s strong evidence to show that
students concluded that the most efflclent way to deal with
the increase in information was the ‘memorization’ method,
where they learn what they need for the upcoming test, then
discard old information and replace It with new. Teachers
report that outslide pressures have caused them to become
more concerned with finishing the textbook than with
providing students the opportunity to reason, to think, and
to make sense of what they are expected to learn.
Therefore, teachers have Iindicated that students are Jjust
not learning all they are expected to Iearn._ Teachers say
the ldea. of minimum competency and end-of-course testing is
forcing them Into a frantlc cycle which demands maximum
output and no varlatlion in teaching methods.

The second reason which causes teachers to continue
using outdated methods of Instruction concerns availilable
materlials. State adopted textbooks offer no new teaching
techniques, no problem solving strategies for the
introduction of new material and no new suggestlions for
teachers who wish to improve or change their instructional
methods. Again, teachers.report that they do not have the
time, nor perhaps the abllity or Iinclination to develop
their own materlals. Textbooks are wrltten to utllize the
concept of the economy of time and the plethora of

materials presented.
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The last reason teachers continue to use old methods
of instructlon pertains to teacher evaluation. Many states
have adopted the concept of a ‘six-step’ lesson plan which
Is used when obsgserving and evaluating teachers. Teacher
lecture methods or teacher presentation methods readily
lend themselves to thls type of lesson plan, whiie problem
solving strategies in which the student is responsible for
much of his own learning do not. Teachers have indicated a
bellef that |t seems easy for an administrator, or other
observer, to determine the effectiveness of a teacher who
is presenting material for his students to ‘learn’ but
another matter entirely for that observer to determine the
effectiveness of a teacher who serves mainly as a guide or
a catalyst for learning. Throughout the course of this
study, all elght teachers repeatedly expressed concerns
pertalining to each of the three factors Jjust mentlioned
(there were fewer concerns about teacher evaluation than
the other two factors, however it remains a valid concern).
Teachers say they are belng forced, more or less, to use
the familiar teacher lecture method of instruction.

The following suggestions or recommendations can be

made ag a result of the conclusions of this study:

i. Since one of the major concerns of the eight
teachers involved in this study was lack of
appropriate training, this lnvestligator will request

that the administrative offlice conslder providing a
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gseries of workshops and/or staff development classes

which wlll address this concern.

2. A textbook committee should be appointed for the
purpose of seeking out and Identifylng appropriate

materials and making them avallable to teachers.

3. Some type of network system should be developed in
order to inform and involve teachers In local and

" national curriculum planning and reform.

4. The National Council of Teachers of Mathematlés
should provide training for teachers which would

enable them to begin using the Curriculum and Teachlng
Standards, in the manner in which they were intended.

S. End-of-course testing should cease along with
gtate and Jocal comparisons of other test score
averages for an undetermined period of time to allow
teachers the freedom and opportunity to implement
teaching styles similar to those recommended by thre
Standards, without teachers having to deal with the
criticism which could result from any initial decrease

in test score averages.

6. All definltlons to be used during the course of
Standard implementation should be developed and fully
explained by professionals in order to avold misuse or

misinterpretation.
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Limitatlons of the Study

There are three primary limitations of this case
study. The first limitation arises from the fact that this
inquiry made an attempt to Implement only one of the
fourteen Curricujum and Teaching Standardg for High School
Mathematijics. Therefore, 1t would not be prudent to
~gpeculate on the degree of success for Iimplementation of
the remaining thirteen Standards. Several of those
Standards seemed unclear when discussed by the teachers
involved In this study, while problem solving iIs a concept
with which most mathematics teachers feel comfortable.
Teachers expressed concern with more than one of the
remaining Standards, Indicating doubt for Successful
implementation and uncertainty for reliable methods of
asgsessment. However, the concept of problem solving forms
the basic framework for the type of mathematics curriculum
proposed by NCTM and others. In order to Improve student
learning and achlievement, particularly student learning and
achievement of higher-order thinklng skills, the
development of problem solving skills must become a
priority. Thus Standard 1 was selected as the foundation
of this inquiry. A second reason for the selectlion of only
one of the fourteen Standards for the duration of this
study pertains to teachers and their attitudes toward
change. Teachers seem willing to make gradual curriculum

change and for the most part not only feel uncomfortable
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with the concept of radical change, they also feel students
adapt best to siow methodlcal change. In the opinion of
this Investligator, any attempt to implement more than one
Standard would have created not only added resistance, but
perhaps an impossible task with dlsastrous results.

The second limitation of thls study pertains to the
time period involved. In any study of this type, it would
be preferable to continue the Investigation over a longer
period of time, perhaps one to two years. An extended
period of time would allow a true test of Standard 1
implementation and would allow the Iinvestigation of
long-term permanent results, and whether the change 1in
mathematics Instruction was accompanied by the desired
increase in student knowledge. It would be interesting to
re-evaluate this mathematics program In a year or two and
assess the problem solving opportunities avallable to
students at that time in comparison to those avalilable at
the conclusion of thls study.

The third and final limltation of this study-pertalns
to generalizablility. In any evaluation study, it |is
desirable that most results and outcomes can be generallzed
to other similar situations. The findings for this study
were based on one school and consequently on one
mathematics curriculum. Therefore the results should not
be generalized to any other existing mathematics curriculum

or program. A similar program evaluation repllcated in a
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different location with different teachers, students and
problem solving activitles would perhaps produce
dramatically dlfferent results. Thus thls Investigator
encourages extreme caution in any attempt to generalize the

conclusions from thls study.

Recommendations for Further Study
Listed below aré geveral recommendations for further
study.
1. Since this program evaluation was done In only one
high school with only elght mathematics teachers, this
study should be replicated in other schools in order

to compare the results of this study.

2. Since there were virtually no minority students in
this sample, the study should be repllcated In a
gschool with a larger minority sample In order to

compare the results.

3. The entire study should be replicated in a
different school system and/or geographic location to

compare results with a different population.

4. The entire study should be repllcated using a
different NCTM Standard, or more than one Standard In

order to compare the results.
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5. The entire study should be repllcated over a
longer period of time, allowing the investigation of

permanent long-term results.

Change s needed iIn the way all chlildren
learn mathematics. As a matter of equity, we
should stop ignoring 90 percent of our population
when we teach mathematics. Equally Important for
soclety, we cannot hope for the solution of the
problems that will face us In the 2ist century Iif
we fall to educate all children to the limit of
their capacity. In a world that Is becoming
steadily more quantitative, we must provide
better mathematics education, for everyone, from
kindergarten through graduate school.

The actlivities suggested here require more
work on the part of authors, teachers, and
pupils. But activities that are meaningful to
the students are more likely to be remembered and
more llkely to leave the learners with a feeling
that mathematics is useful and worth learning.
Surely that 1Is better than having students
believe that mathematics is a subject they are
required to learn to satisfy other people, and
that it should be put out of their minds as soon
as possible.

Stephen S. Willoughby, 1990
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Appendix A

NCTM Curriculum and Teaching Standards
for Hiah School Mathematics

STANDARD 1: MATHEMATICS AS PROBLEM SOLVING

In grades 9 - 12, the mathematics curriculum should include
the refinement and extension of methods of mathematical
problem solving so that all students --
--use, with Increasing confidence, problem-solving
approaches to Investigate and understand mathematical

content;

--apply integrated mathematical problem-solving
gtrategies to solve problems from within and outside

mathematics;

--recognize and formulate problems from situations

within and outside mathematlics;
--apply the process of mathematical modeling to
real-world problem situatlions.

STANDARD 2: MATHEMATICS AS COMMUNICATION

In grades 9-12, the mathematlics curriculum should linclude
the continued development of language and symbolism to

communicate mathematical ideas so that al!l students can--
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--reflect wupon and clarlfy thelr thinking about

mathematical ideas and relationships;

--formulate mathematical definltilons and express

generalizations discovered through investigations;
—-expreés mathematical ideas orally and {n writing;

--read written presentations of mathematics with

understandlng;

--ask clarifying and extending questions related to

mathematice they have read or heard about;

--appreciate the economy, power, and elegance of
mathematical notation and its role In the development

of mathematical ldeas.

STANDARD 3: MATHEMATICS AS REASCNING

In grades 9-12, the mathematics currliculum should include

numerous and varied experiences that reinforce and extend

logical reasoning skills so that all students can--

--make and test conjectures:
--formulate counterexampies;
--follow logical arguments;

--Judge the vallidity of arguments;
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--congtruct simple valid arguments;

and so that, in addition, college~intending students

can-

-=-construct proofs for mathematical agssertions,
including Indirect proofs and proofs by mathematlical

induction.

STANDARD 4: MATHEMATICAL CONNECTIONS

In grades 9-12, the mathematics curriculum should Iinclude
investigation of the connections and Iinterplay among
various mathematical toplics and their applicatlons so that

all students can--

--recognize equivalent repregsentations of the same

concept;

--relate procedures In one representation to

procedures in an equivalent representation,

~--uge and value the connections among mathematical

toplcs;

--use and value the connections between mathematics

and other discliplines.
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STANDARD 5: ALGEBRA

In grades 9-12, the mathematlics curriculum should include
the continued study of algebraic concepts and methods so

that all sgstudents can--

~--represent slituations - that involve varlable
quantities with expressions, equations, lnequalitles,

and matrices;

--use tables and graphs as tools to interpret

expressions, équatlons, and inequalities;

--operate on expressions and matrices, and solve

equations and inequallities;

--appreciate the power of mathematical abstraction and

symbol ism;

and so that, in addition, college-intending students

can~-
--uge matrices to solve linear systems;

--demonstrate technical facility with algebraic
transformations, including techniques based on the

theory of equations.
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STANDARD 6: FUNCTIONS

In grades 9-12, the mathematics curriculum should include

the continued study of functions so that all students can--

~-=mode | real-world phenomena with a varlety of

functions;

--represent and analyze relationships using tables,

verbal rules, equations, and graphs:;

--translate among tabular, symbolic, and graphical

representations of functlons;

--recognlize that a varlety of problem sglituations can

be modeled by the same type of function:;

--analyze the effects of parameter changes on the

graphs of functions;

and so that, In addition, college-intending students

can--
--understand operations on, and the general properties
and behavior of, classes of functions.

STANDARD 7: GEOMETRY FROM A SYNTHETIC PERSPECTIVE

In grades 9-12, the mathematics curriculum should Include
the continued study of the geometry of two and three

dimensions so that all students can--
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--lnterpret and draw three-dimensional obJjects;

--represent problem situations with geometric models

and apply properties of figures;

--clagsify figures in terms of congruence and

gimilarity and apply these relationships;

--deduce properties of, and relationships between,

figures from glven assumptlions;

and so that, in addition, college~-intending students

can--

--develop an understanding of an axlomatic system
through investigating and comparing various

geometries.

STANDARD 8: GEOMETRY FROM AN ALGEBRAIC PERSPECTIVE

In grades 9-12, the mathematics curriculum should include
the study of the geometry of two and three dimensions from

an algebraic point of view so that all students can--

--translate between synthetlic and coordinate

representations;

--deduce properties of fligures using transformations

and using coordinates;
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--identify congruent and gimilar figures wusing

transformations;

--analyze properties of Eucllidean transformations and

relate translations to vectors;

and so that, In addition, college-intending students

can--

--deduce properties of figures using vectors;

--apply transformations, coordinates, and vectors in

problem scolving.

STANDARD 9: TRIGONOMETRY

In grades 9-12, the mathematlics curriculum should include

the study of trigonometry so that all students can--

--apply trigonometry to problem situations Iinvolving

triangles;

--explore periodic real-world phenomena using the sine

and cosine functlions:

and so that, in addition, college-intending students

can-—-

--understand the connectlions between trigonometric and

circular functions;
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--uge clircular functions to model periodic real-wortd

phenomena;

--apply general graphing technigques to trigonometric

identitles;

solve trigonometric equations and verlfy trigonometric

ldentitles;

understand the connectlions between trigonometric
functions and polar coordinates, complex numbers, and

sSerles,

STANDARD 10: STATISTICS

In grades 9-12, the mathematics curriculum should include
the contlnued study of data analyslis and statistics so that

all students can-~

--construct and draw inferences from charts, tables,
and graphs that summarize data from real-world

situations;
--ugse curve fitting to predict from data;

--understand and apply measures of central tendency,

variablility, and correlation;

--understand sampling and recognize 1Ilts role in

gtatistical claimsa;
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--design a statistlical experiment to study a problem,
conduct the experiment, and interpret and communlicate

the outcomes;

--analyze the effects of data transformations on

measures of central tendency and variabllity;

and so that, iIn addition, college-intending students

can--~

--transform data to ald in data interpretation and

prediction;

--test hypotheses using appropriate statistics.

STANDARD 11: PROBABILITY

In grades 9-12, the mathematics curriculum should lnclude
the continued study of probability so that all students

can--

--uge experimental or theoretical probabillity, as
appropriate, to represent and solve problems involving

uncertainty;
--use simulations to estimate probabilities;
--understand the concept of random variable;

--create and interpret discrete probabllity

distributions;
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--degscribe, in general terms, the normal curve and use
its properties to answer questions about sets of data

that are assumed to be normally distributed;

and so that, In addition, college-intending students

can--

--apply the concept of a random varliable to generate
and interpret probabillty distributions Including
binomial, uniform, normal, and chl square.

STANDARD 12: DISCRETE MATHEMATICS

In grades 9-12, the mathematics curriculum should include

toplcs from discrete mathematics so that all students can--

--represent problem slituations using discrete
structures such as finlte graphs, matrices, sequences,

and recurrence relations;

--represent and analyze finite graphs using matrices;
--develop and analyze algorlithms;

--solve enumeration and finite probabllity problems;

and so that, in addition, college~intending students

can--

--repregsent and sSolve problems using llnear

programming and difference equatlions;
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--investigate problem situations that arlise in
connection with computer valldation and the

application of algorithms.

STANDARD 13: CONCEPTUAL UNDERPINNINGS OF CALCULUS

In grades 9-12, the mathematics curriculum should Include
the informal exploration of calculus concepts from both a
grarhical and a numerlical perspective so that all students

can--

--determine maximum and minimum polnts of a graph and

interpret the results in problem sltuatlions;

--investligate limiting processes by examining infinite

sequences and Serles and areas under curves;

and so that, In addition, college-intending students

can-—-

--understand the conceptual foundations of limit, the
area under a curve, the rate of change, and the slope
of a tangent line, and their applications in other

disciplines;

--analyze the graphs of polynomial, rational, radical,

and transcendental functions.



243
STANDARD 14: MATHEMATICAL STRUCTURE

In grades 9-12, the mathematlc¢s curriculum should Iinclude
the study of mathematical structure so that all students

can-~-

--compare and contrast the real number system and its
various sub-systems wlith regard to thelr structural

characteristics:;
--understand the logic of algebralic procedures;

-—-appreclate that seemlingly different mathematical

systems my be essgsentially the same;

and so that, in addition, college-intending students

can--

--develop the complex number system and demonstrate

facility with its operations;

--prove elementary theorems within various

mathematical structures, such as groups and fields;

--develop an understanding of the nature and purpose

of axlomatlic systems.
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Appendix B

Problem Solving Attitude Assessment Survey

I believe the problem solving activities in which I
have participated will Improve my mathematics ability.

- AGREE DISAGREE

I enJoy finding different methods for solving problems.'

AGREE DISAGREE

If I had a choice, I would not contlnue the problem
gsolving activities,

AGREE DISAGREE

I pelieve the problem solving activities are a waste of
time.

AGREE DISAGREE

I would rather the teacher just do the sectlons In
the book.

AGREE DISAGREE

I would llke the teacher to use a problem solving
approach when teaching.

AGREE DISAGREE

I believe working a wide variety of problems will help
improve my confidence in my ability to solve problems.

AGREE DISAGREE

Working with different types of problems will not help
my mathematics abllity.

AGREE DISAGREE

Having experlence in a wide varlety of problem solving
will help me attempt problems which I do not know how
to solve.

AGREE DISAGREE
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15.
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Partlicipating In the problem solving activities has

helped me to realize I have to ability to solve various
probliems.

AGREE DISAGREE

I do not like problem solving.

AGREE DISAGREE

I would rather the teacher just told me how to do the
problems.

AGREE DISAGREE

I feel better about my abllity to solve problems since
the problem solving activities.

AGREE DISAGREE

Problem solving has Improved my ability to think in a
logical manner.

AGREE DISAGREE

Because of the problem solving activities, I am more
confident about my ability to use different
strategies to find a solution for problems.

AGREE DISAGREE
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Appendix C

Results of Focus Group Discussion
for the Fourteen NCTM
currjculum and Teaching Standards

Standard 1: Mathematics as Problem Solving

a. Importance in curriculum: vitally important.
Mathematlcs is problem solving, therefore |f
students are not learning problem sgolving, they
are not learning mathematics.

b. How to implement: Teachers can begin implementation
through a series of exercises, where students
are lntroduced to a varlety of problems,
including both nonroutine problems and nonroutine
methods for finding solutlions. Students should
be taught to view mathematics in a more personal
and relevant manner, and to learn to generalize
golutions to dlifferent problems in mathemat i cs
and in everyday life. Teachers should gradually
Increase the frequency for problem solving actlivities
and make every effort to lncorporate problem solving
gtrategies into appropriate teaching methods.

c¢. Changes required for full implementation (where
problem solving is part of the mathematics
curriculum): Teachers must realize the Importance
of problem solving in the mathematlics curriculum.
Second, teachers belleved that before they could

teach most toplics from a problem solving approach,
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they would require extensive re-training. There
should be less emphasis placed on end-of-course
testing and less pressure to cover all the pages
in the text. Finally, and perhaps most important,
there must be development and provision of new
textbooks with appropriate materlais which
emphasize mathematics through a problem solving
approach, since most'textbooks currently emphasize

drill and practice.

Standard 2: Mathematics as Communication

Importance in currlculum: Important.

Students should be able to express mathematlical
ldeas, both orally and in writing. They should

be able to read mathematics content with
comprehenslion. When glving explanations and
discussions of problems, appropriate modes of
communication would allow them to convey to others
what they actually mean without pointing and

gestering in meaningless ways.

How to implement: Allow students to give oral
explanations and instructions for working problems.
Have students research and actually present some
topics to the class. Introduce mathematics

vocabulary llists.
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¢. Changes requlired for full implementation: Teachers
need to become more passive in thelr classrooms,
allowing students the opportunity to dlscuss

mathematlics topics.

Standard 3: Mathematics as Reasoning

a. Importance In curriculum: very Important.
The ablility to reason alliows students to make
gsense of the world around them, to make good
Judgements, and to become better citizens.
Mathematlically, the ability to reason is the
basis of all problem solving; it enables
students to hypothesize, conjecture, and to

formulate solutlons‘and gstrategles.

b. How to impiement: This can begin in the
mathematics curriculum as one facet of problem
gsolving and then continue into formal proof
through Algebra I, Geometry, etc. Teachers
should allow students the opportunity and
time to think through mathematical situatlions
before supplying a solution. Allow student
to develop their own theories and to discuss

these during clagss time.

c. Changes required for full iImplementation:

Teachers should allow more “think time.’
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More minutes per class period would be helpful.
Teachers require additional trainling and

the development of new attltudes toward thelir

own role In the classroom. Eliminate standardlzed
testing In the mathematics classroom, and begin
tests which require discussion and the formation

of conclusions.

Standard 4: Mathematical Connections

Importance in currliculum: Important.

Students should use and value the relatlionships
and connectlons among the various mathematical
topics. It [s also necessary that students
realize mathematlical relatlonships are applicable
in other disclplines. They should be able to
apply thelr mathematlical knowiedge to situations

in the real world.

How to implement: Teachers should use examples
from business, sociaf studies, science, physics,
drafting, and all other discipllines. It is

important to allow students to view mathematics

as useful and applicable iIn all areas.

Changes required for full implementatlion:
Teachers need more time to plan and develop lessons

relative to other disciplines. Course requirements
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would need to focus more on [nter-discliplinary
applications. Teachers must first understand the
standard and believe in its lmportance. New
textbooks would need to be written and made

avallable.

Standard S5: Algebra

Importance in curriculum: extremely Important.
Algebra provides the framework and language through
which most mathematics is communicated. Therefore,
algebra Is an lmportant processing tool for applying
mathematics in many disciplines. All students should

have a proficlency in algebra.

How to impiement: Begin a Pre-Algebra course for
all students in the seventh grade, with Algebra I
offered in the eight grade for advanced students, and

in the ninth for all others.

Changes required for full implementation:
Students and parents must reallze the importance of
Algebra proficlency. Counselors should stop advising

gtudents to avold Algebra courses.

Standard 6: Functions

a.

Importance In curriculum: I[mportant.
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An understanding of functlons allows students

to conceptualize the relationships and
correspondence between the elements of two sets,

A study 6f functions begins with simple arithmetic
operations and should continue through the study

of mathematics.

b. How to implement: Teachers should establish a
strong conceptual foundatlon before the formal
notation and language of functions are presented.
The study of functions should begin with those
‘relationships which exist in the student’s own
worid. The use of graphs In depicting data 15‘
also a useful method of showing the relationships

of functions.

¢. Changes required for full implementation:
The concept of functlions and the relationships
between numbers should be introduced to students
very early In arithmetic. New materials and teacher

re-tralning would be essential.

Standard 7: Geometry from a Synthetlic Perspective

a. Importance in curriculum: very important.
Students must have an understanding of shapes
and thelir properties, with an empgasls on their

appllicabliity in human actlvity.
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How to Implement: Teachers should use examples

of how geometry is used In recreations, In practical

'tasks, in the sclences, and In the arts. - Students

should have the opportunity to visualize and work
with three-dimensional figures. Teachers should
use physical models and other real-world objects

to help students develop a geometric intuition.

Changes required for full lmplementation:

Student must develop a strong foundation in the

K - 8 programs. Teachers should focus on more
than deductive reasoning and proof. Teachers must'
be able to visuallize, provide plictorial
representation and application of geometric ideas,
and to answer questions about natural and physical
phenomena. This will require teacher training and

new materials.

Standard 8: Geometry from an Algebralic Perspectlive

Importance in currliculum: somewhat Important.
This standard was difficult for this group of
teachers to éctually visuallze. Transformations
are not usually considered by most teachers

to be of great lmportance.

How to implement: Other than continuing the

methods currently being used, there were no
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suggestlons.

Changes required for full implementation:

Teachers did not know.

Standard 9: Trigonometry

Importance in curriculum: very lmportant.
Trigonometry ls based on the study of triangles.
Many real-world problems require the solution of
triangles. All students should apply trigonometric

methods to practlical situations involving triangles.

How to implement: Using calculators, trigonometry
should be introduced to students at much earller
ages. Continue current curriculum practices. Other

strategies not known.

Changes required for full implementation:

Offer teacher workshops and develop new materlals.

Standard 10: Statistics

Importance in curriculum: Iincreasingly important.
Collecting and representing data are activities of
major lmportance In today’s society. Knowledge in
statistics allows students to test hypotheses and to

draw lnferences.
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How to Implement: Students should be exposed to
data analysis in grades K - 8, and should be
encouraged to apply statistical tools to other
academic subjects such as English, social studles,
and biology, as well as athletlcs and other out of

gschool activities.

Changes required for full implementation:
Massive re-training of teachers iIn all subject
areas and at all grade levels. Development of

new materlals.

Standard 11: Probabllity

Importance in curriculum: somewhat important.
Probabllity provides the methods for dealing

with uncertainty and for interpreting predictions
based on uncertalnty. Students should know how

to make Informed observations about the 1likelihood
of events, and to Jjudge the valldity of statistical
claims. Although probability provides useful models

for solutions of problems in physics, medicine and

economics, many problems in dally living can also

be better understood using probabillity.

How to implement: Not readlly known.

Changes required for full implementation:
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Teacher tralning and development of approprlate

materials.

Standard 12: Discrete Mathematlics

a. Importance in curriculum: somewhat important
Discrete mathematics is a relatively new term
and as such was not fully understood by this

group of teachers.

b. How to iImplement: Not known.

¢c. Changes required for full Implementation:
Extensive teacher training along with
the development of approprlilate teaching units

and materials.

Standard 13: Conceptual Underpinnings of Calculus

a. Importance in curriculum: Iimportant.
Today, methods of calculus are applied increasingly
in the soclal and blological sclences and in business
as well. Students should apprecliate the value of
calculus in the improvement of the world’s economic

status.

b. How to implement: Teachers should provide students
an opportunity to informally explore some of the

central ildeas of calculus, while introducing and
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answerling questions about real-world phenomena.

Changes required for full implementation:
Develop a course for teachers which would allow them
to experience those recommendations found in

gsectlon b. above.

Standard 14: Mathematlical Structure

Importance In curriculum: somewhat important
An awarenegss of the broad structure of the
principles of mathematics provides them with a

framework Whlch facilitates long-term retention.

How to implement: Allow students the opporfunity

to understand the idea of structure through the
observation of the common properties of systems that
geem on the surface to be quite dissimilar. How this

could be done 1Is not readily known.

Changes required for full implementation:
Teacher re-training, along with the development
of relevant and appropriate materlals. New textbooks

would be helpful.
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Appendix D

South Caldwell High School Floor Plan
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Appendix E
Examples of Noproutine Froblems

Example 1{: Suppose that one-third of the population
smokes, that 60% of all smokers are female. What is the

fraction of the population represented by smoking males?

Example 2: Suppose a dress s sold at full price on
Monday. The dress is marked down 30% on Tuesday, then
marked down 20% from Tuesday’s price on Wednesday. I1f the

final price is $28, the what was Monday’s price?

Example -3: If one-third of the air In a container |is
removed with each stroke of a vacuum pump, what fractlon of
the original amount of alr remains In the container after S

gstrokes?

Example 4: Mr. Kato had some paperback books that he no
longer wanted. Rather than throw them away, he put them in
a box and brought them to school for hls students. At the
end of each class perlod, he let the students in that class
take a fraction of the books that were still left in the
box. He told first perlod to take 1/6 of the books; second
period to take 1/5 of the remalning books; third perlod to
take 1/4 of those that remalned; fourth period to take 1/3
and flfth period to take 1/2 of the remalning books. This
left 14 books for the sixth perlod, who took‘all 14 books.

How many books did Mr. Kato start with?
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Example S5: Find the sum of

1 +3+5+7+9+ 11+ ...+ (n=-2) +n

Example 6: A cake shaped llke a cube falis into a vat of
chocolate creme. It is then cut Into one Inch squares.
What are the dimensions of the cake if there are 384 pleces
with one side frosted? What are the dimensions if there

are n pieces with one side frosted?

Example 7: Two friends, Al and Bob, and thelir dog, spent
their vacation in the Malne woods. One day Al went on a
walk, alone, while Bob, followed him an hour later,
accompanied by the dog. He ordered the dog to follow Al’‘s
trall. When the dog reached Al, Al sent him back to Bob,
and so on. The dog ran to and fro between the two friends
until Bob caught up with Al, who happened to be a slow
walker. Indeed Al was making no more than 1 1/2 miles an
hour, while Bob made 3. The dog’s speed was 6 miles an
hour. Now, what !s the distance the dog ran to and fro
untll Bob caught up with Al? We may presume that the dog
lost no time playing with his two masters or hunting

rabblts,

Example 8: Find the product of
(1 - 1/72)¢1 - /31 - 1/4) ... (1 - 1/98)¢1 - 1/799)(t - /100D

Example 9: I have a robot. It is not very smart. There

are two buttons on the machline. The flrst causes the robot
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to take one step and the second causes the robot to take
two steps. How many sequences of button pushes will cause

the robot to take 12 steps? How about 20 steps?

Example 10: The new high school has Jjust been completed.
There are 1000 lockers In the school and they have been
numbered 1 to 1000. During recess, the students decide to
try an experiment. When recess is over, each student will
walk into the school one at a time. The first student
will open all the locker doors. The second student will
close all the locker doors with even numbers. the third
student will change all the locker doors with numbers that
are multiples of three. The fourth student will change the
pogition of all locker doors numbered with multiples of
four; The flfth student will change the position of the
lockergs that are multiples of five, and so on. After 1000
Students Bave entered the school, which locker doors will

be open?
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Appendix F
Examples of Mathematics Problems from Evervday Life

Example 1: How many handshakes will occur at a party if
every one of the 15 guests shakes hands with each of the

others?

Example 2: Jean is attending a two week (14 day> summer
camp. Her parents gave her $50 for ‘incidental’ expenses
for the entire two weeks. After three days at camp she had
spent $15. Assuming she continues to spend at the same
fate, will her budget of $50 hold out for the two weekg?
If not, when will she run out of money and how much more

will she need?

Example 3: A farmer wishes to buy a plece of land that |s
adjacent to his farm. The real estate agent tells him that
the plot is triangular in shape, with sides of 20, 75 and
45 meters. The land will cost only $5.58 a square meter.

How much should the farmer pay for the plece of land?

Example 4: Six people, let’s call them A, B, C, C, E, and
F, have witnessed a burglary and are only too willing to
let the police know what the burglar -- who by the way,
managed to escape -- looked |lke. But you know how
eyewitnesses’ accounts go; the descriptions of the criminal

differed in every Important polnt, particularly with regard
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to the color of his halr and eyes, the color of his sult
and brobable age.
This iIs the testimony the police got frun these six

wltnesses:

Halr Eyes Suit Age

A brown blue grey 34
B blond black dark blue 30
o red brown dark brown 34
D black blue not dark brown 30
E brown black grey 28
F blond brown dark blue 32

Through these contrédlctory reports the police finally got
their man and compared his real appearance with the six
descriptions. They found that each of the six witnesses
had made three erroneous statements and that each of the
four questions had been answered correctly at least once.

What did the burglar really look 1ike?

Example 5: An office manager must assign offices to six
staff members. The avallablé offices, numbered 1 - 6
congsecutively, are arranged In a row, and are separated by
six-foot high dividers. Therefore, volces, sounds, and
cigarette smoke readily pass from each office to those on
either side. Miss Braun‘’s work requires her to speak on
the telephone frequently throughout the day. Mr. White and
Mr. Black often talk to one another in their work, and

prefer to have adjacent offices. Mliss Green, the senlor,
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employee [s entltled to Offlce 5, which has the largest
window. Mr. Parker needs silence In the office(s) adjacent
to his own. Mr. Allen, Mr. White, and Mr. Parker all
smoke. Miss Green ls.allerglc to tobacco smoke and must
have non-smokers in the office(s) adjacent to her own.
Unless otherwise speclfied, all employees maintain sllence
while in their offices. Find the best locatlions for each

individual’/s offlce.

Example 6: Plan the food for a group party. What
quantities should you get? What is the total cost? Don‘t
forget the cost of Items such as ice, napkins, paper

plates, cups, etc. Declide how much to charge each person?

Example 7: During the census, a man told the census-taker
that he had three chlildren. When asked their ages he
replied, "The product of thelr ages is 72. The sum of
their ages is my house number." The census-taker turned,
ran outside to look at the house number displayed over the
door. He then re-entered the house and said, "Using the
information you have given me, I cannot tell their ages."
The man then said, "I should have told you that the oldest
likes angel food cake." Hearing this, the census-taker
promptly wrote down the ages of the three children. What

did he write?

Example 8: Six gamblers play a remarkable game of chance.

The game itself iIs rather primitive but the loser 18 In a
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bad spot. He is supposed to double the pool of each of the
other filve gamblers. Altogether, they play six games and
by chance each of the men loses Jjust once. When the men
later counted how much is left to each of them, they
discover that each owns exactly $64. How much had each of

them when they started?

Example 9: The Smith family, which consists of Mr. and
Mrs. Smith, thelir son, Mr. Smith’s sister, and Mrs. Smith’s
father, has for years dominated the community 1life of
Plainsville. At the present time the flve members of the
family hold among themselves the positions of grocer,
lawyer, postmaster, preacher, and teacher in the little
town. The lawyer and the teacher are not blood relatives.
The grocer is younger than her sister-lin-law but older than
the teacher. The preacher, who won this letter playing
football in college, |8 older than the postmaster. What

position does each member of the family hold?

Example 10: Accofdlng to the U. S. Department of
Agriculture, the amount shown for each of the focllowing

foods ylelds 20 grams of protein. Check current prices In

_the community and then decide whlich of these foods is the

most economical source of protein.
2 1/3 ounces, center-cut pork chop
1 1/3 cups, whole milk
3 1/2 hot dogs



4 1/2 tablespoons, peanut butter
3 ounces, ground beef

3 1/3 ounces, cured ham

3 large eggs

9 glices of white enriched bread
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