l < ! National Library

of Canada du Canadga

Bibliothéque nationale

Canadian Theses Service  Service des théses canadiennes

Ottawa, Canada

1A CNE

NOTICE

The quality of this microformis heavily dependent upon the
quality of the originai thesis submitted for microfilming.
Every effort has been made to ensure the highest quality of
reproductior possible.

i pages are missing, contact the university which granted
the degree.

Sciue pages may have incistinct print especially i the
original pages were typed with a poor typewriter ribbon or
if the university sent us an inferior photocopy.

Reproduction in full or in pant of this microform is governed
by the Canadian Copyright Act, R.S.C. 1970, ¢. ¢-30, and
subsequent amendments.

NL-339 (r. 88/04) ¢

AVIS

La qualité de cette microforme dépend grandement de 1a
qualité de 1a thése soumise au microhilmage. Nous avons
tout fait pour assurer une qualité supérieure de reproduc
tion.

S'it manque des pages, veuillez communiquer avec
Funiversité qui a contéré le grade.

La qualiié dimpression de certaines pages peut laisser a
désirer, surtout si les pages originales ont été dactylogra
phiées a l'aide d'un ruban usé ou si 'université nous a far
parvenir une photocopie de qualité inférieure.

La reproduction, méme pantielie, de cette microforme ¢t

soumise a la Loi canadienne sur le droit d'auteur S,
1870, c. C-30, et ses amendements subséquents

Canadi



UNIVERSITY OF ALBERTA

INTERACTIVE TEACHING

by

RICHARD B. KABAROFF

A thesis submitted to the faculty of Graduate Studics in partial fulfillment of the

requirements for the degree of MASTER OF EDUCATION.

DEPARTMENT OF SECONDARY EDUCATION

Edmonton, Alberta

SPRING, 1992



E*! National Library Bibliothéque nationale
of Canada du Canada

Canadian Theses Service  Service des théses canadiennes

Ottawa Canada

K1A ON4
The author has granted an irrevocable non- L'auteur a accordé une ficence irrévocable et
exclusive licence allowing the National Library non exclusive permettant a la Bibliotheque
of Canada to reproduce, loan, distribute or sell nationale du Canada de reproduire, préter,
copies of his/her thesis by any means and in distribuer ou vendre des copies de sa thése
any form or format, making this thesis available de quelque maniére et sous quelque forme

to interested persons. que ce soit pour mettre des exemplaires de

cette these a la disposition des personnes

intéressées.
The author retains ownership of the copyright L'auteur conserve 4 oronriets dy droit d'autour
in his/her thesis. Neither the thesis nor qui protége sa thése. Nila theése ni des extraits
substantial extracts from it may be printed cr substantiels de celie-ci ne doivent étre
otherwvise reproduced without his/hier per- iMprimeés ou autrement reproduits sans son
mission. autorisation.

Canadi



UNIVERSITY OF ALBERTA
RELEASE “ORM

NAME OF ..UTHOR Richard B. Kabaroff
TITLE OF THESIS Interacuve Teaching

DEGREE Master of Education

YEAR THIS DEGREE

GRANTED 1992

Permission is hereby granted to the UNIVERSITY OF ALBERTA
LIBRARY to reproduce single copies of this thesis and to lend or sell such copies
for private, scholarly or scientific research purposes only.

The author reserves other publication rights, and neither the thesis nor
exiensive extracts from it may be printed or otherwise reproduced without the

author's written permission.

yd '
S ey
W eED
LY &
4

Permanent Address
15803 - 114 Street

Edmonton, Alberta
T5X 2V2

Date: .. ...



UNIVERSITY OF ALBERTA

FACULTY OF GRADUATE STUDIES AN™ RESEARCH

The undersigned centify that they have read and recommend to the Faculty of
Graduate Studies and Research for acceptance, a ihesis titled INTERACTIVE
TEACHING submitted by RICHARD B. KABAROFF in partial fulfillment of the
requirements for the degree of MASTER OF EDUCATION.

: 2 ot m

DY. K. J. Willson



ABSTRACT

The purpose of this study was to determine the appropriateness of an
instructional model designed for effective senior-high mathematics instruction. The
study involved several phases: the development of the model, the model's
implementation and interpretation by classroom teachers, the testing for
achievement gains, and, an analysis of student attitudes towards mathematics. The
research was conducted in four large senior-high schools located in a large
metropolitan area in Western Canada.

The design of the model was based both on a set of key instructional
strategies proposed by Good, Grouws, and Ebmeier (1983) and elements of
cooperative learning. Lessons taught involved whole group instruction followed by
group practice.

The model was used by four senior-high mathematics teachers to teach two
consecutive units - systems of equations and geometry- to four grade-eleven classes
of average mathematical ability. Four classes taught by three mathematics teachers
served as ihe control group.

Data were collected through classroom observations, teacher and student
interviews, teacher joumals, pre- and post- tests, and a student attitude
questionnaire.

Three of the four treatment teachers satisfactorily implemented the model in
their classrcoms. The study reports these three teachers’ interpretations of the
model and those aspects of the model which they considered appropriate to the
senior-high mathematics teaching. In particular, approaches to homework, oral

work, review, lesson development, teaching for meaning, and group work were



cited as effective. Students interviewed supported their teachers’ claims as io the
effeciiveness of group work.

The results of the achievement tests indicated that the treatment group
significantly outperformed the control group on both post - tests. On the student
attitude questionnaire, administered at the end of the treatment. there wius no
significant difference in the attitudes towards mathematics between the control and

treatment giroups.
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Chapter I - The Problem
A. Introduction
In the last decade there has been growing public concern over the state of
mathematics education on this continent and abroaC Alarmed that American
students’ academic achievement compared unfavourably with that of students in

Eurcpe and Japan, the American government created the National Commission On

Excellence in Education. The Commission's report, A Nation at Risk (1983 ),
recommended that teachers should meet high academic standards and demonstrate
both an aptitude for and competence in teaching their discipline. Similarly, in

Britain, the Report of the Committee of Inquiry into the Teaching of Mathematics in

Schools (1982 ) under the chairmanship of Dr. W. H. Cockcroft outlined
recommendauons for the improvement of the teaching of mathematics. Although
not advocating a particular instructional style, the Committee suggested that
effective mathematics teaching involves clarity of explanation and provides
opportunities for discussion between the teacher and students and among students,
practical work, problem solving and investigation, and the practice of skills and
routines.

In reaction to the criticism that mathematics teaching is not meeting the needs
of siudents in an increasingly technological and information-based society, the

National Council of Teachers of Mathematics published its Professional Standards

tor Teaching Mathematics (1989). The Standards document assumes that the

improvement of mathematics teaching is primarily the responsibility of the
classroom tcacher. However, the tezcher can not be expected to initiate changes

that will enhance student leaming without a rationale provided by the research
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(1983) argues \hat teachers will respond to and adopt alternate instructional
approaches if they are encouraged, given support and allowed to experiment in a

risk-free environment.

B. Purpose of the Study

The primary purpose of this study is to investi gate teacher and student
percepiions of an Interactive Teaching Model designed for effectis e senior-hi gh
mathematics instruction. This model is an adaptation of the Missouri Mathematics

Program described by Good, Crouws, and Ebmeier, in Active Mathematics

Teaching (1983), and found effective in elementary and junior- high mathematics
classtooms. In addition, each lesson incorporates group activities in the monitored
seatwork segment. A secondary purpose of the studyv is 1o test the suttabthity of the
model in the classroom and assess the achievement and attitude gains, if any, of the
students taught using this treatment.

This study is not predicated on the principle that there is a single or best
system for teaching mathematics, but rather that experienced mazhematics teachers
should consider the findings of teacher-effecuveness research for the enhancement

of the classroom environment.

C. Significance of the Study
In the first half of the century, studics in mathematics education were
conducted primarily by educational psychologists such as Thomndike, Judd and

Brownell (Kilpatrick and Greeno,1989). By the 1950s the popular topics

te



included drill and practice, teaching »nproaches, diagnostic testing and predictuon of
achievement, with little emphasis on how the subject matter itself was approached.

Early research relied on statistical methods adopted from experimental biology
and psychology. In the 1960s and 1970s with growth in funding, a more
systematic approach to research problems evolved with greater ties and
coi.uboration among researchers, and greater attention to a theoretical rationale.
Disappointing resuits of the behaviorist tradition have lead to a greater emphasis on
qualitative research.

Garrison and Macmillan ( 1987) discuss the problems of converting the
findings of educational research into practical knowledge. They refer to and
expand on the writings of N. L. Gage and the analogy Gage draws between
medical and educational research. Garrison and Macmillan argue that in the medical
profession both researchers and practitioners share the same world view, facilitating
the application of research into practice; whereas, in education, both teachers' and
students' interpretations of the educational experience often differ from
rescarchers'. Garrison and Macmillan appeal for research based on well-defined
theoretical positions enabling practitioners to judge the applicability of the findings
of that research to their own situations.

Regardless of how experienced mathematics teachers are, most are interested
in enhancing their classroom praciice. The teaching and learning of mathematics is
not a sterile endeavour, but rather an active pursuit of excellence. The theoretical
positions of both educational researchers and practiioners must be similar i1 the
results of educational research is not to be either discounted or ignored (Garrison

and Macmillan, 1987). If we accept the premise that the value of educational



research depends on the extent to which its f indings speak to educational practice,
we can notignore teachers' views of the relevance of that research to their personal
situations.

An increasing acceptance by mathematics educators of constructivism as -n
epistemology and its implementation in the classroom can be traced directly to
Piaget and many contemporary researchers. However, teachers burdencd by
increasing demands in the workplace often feel distanced from the theoretical and
question the practicality of suggestions advanced. This study addresses some of
the concerns classroom teachers voice about innovative practice and its viability.
For example, research reveals the importance of worked examples, and the usc of
non-goal specific problems in developing students' mathematical thi nking (Silver,
1990). In order to investigate how this would translate into classrooni practice,
coniinuing collaboration between researchers and practitioners is essential. If
research in the teaching and learning of mathematics is to remain relevant and
valued. a continual interchange of ideas and perspectives must exist. Researchers
can not ignore the needs of the classroom, and teachers should not dismiss the
findings of research that takes those needs into consideration.

Considerable research in both the elementary and junior-high classrooms
exists; however, few studies have been r~orted in a senior-hi gh-school setting. In
this study, it is possible to abstract from the participants' views those elements of a
teacher-effectiveness model which are appropriate in a senior-higli context, not
only in their ease of implementation but also their effectiveness in promoting

student achievement and a positive attitude towards mathematics.



Chapter II - Review of Related Literature

A. Introduction

The purpose of this study is twofold: to investigate teacher and student
perceptions towards a system of effective teaching designed for a senior-high
mathematics classroom, and to determine the achievement and attitude gains of
students taught using this treatment. The model is an adaptation of the Missouri
Model described by Good, Grouws and Ebmeier (1983) modified to incorporate
elements of cooperative leaming in the lesson design.

This chapter includes an overview of the Missouri Model, a summary of
related research in effective mathematics teaching, a rationale for including
cooperative-iearning structures, the development of mathematical understanding,

and the constructivist view on direct instruction.

B. The Missouri Model

Process-product research of the 1970s is now considered unreliable because
investigators limited their studies to collecting data to support preconceived notions
of effective teaching, chose small samples based on convenience, and 1gnored the
subject-matter context to evaluate teacher effects ( Good, Grouws and Ebmeier,
1983 }. To address those concerns and to identify appropriate teacher behaviours in
mathematics classrooms, from 1973 through 1975 Good and Grouws conducted a
large naturalistic study in the American Midwest involving over one hundred third
and fourth-grade teachers. The school district chosen was uniform
socioeconomically and had a stable student population. Achievement tests were

administered each fall to target teachers whose students' academic gains were either



consistently high or low. Nine effective and nine ineffective teachers were sclected
for further study. Based on the analysis of the data, high achievement gains were
correlated to high teacher expectations, task orientation, clarity of explanations,
positive feedback and large-group instruction.

Based on these results, Good and Grouws conducted three pre- and post-test
experimental studies - two at the elementary level (1977 -1978) and one at junior
high (1979-1981). These treatment studies helped shape current ideas about

effective mathematics instruction. Described in Active Mathematics Teaching

(Good, Grouws and Ebmeier, 1986 ), these studies employed a set of key
instructional behaviours incorporated into an instructional model. This lesson
format, known as the Missouri Mcdel, involved daily homework reviews, active
whole-class lesson development and monitored seatwork. The instructional model
used in the second elementary and the Junior-high treatment studies included a daily
ten-minute problem-solving component. Teacher observations, pre- and post-
treatment achievement scores, and student attitude scales were the primary mecans of
data collection. In the first experimental study, significant gains were realized. In
the grade eight experimental study, the treatment had little impact on students’
computational scores; iowever, there were significant gains in student problem

solving scores.

C. Research in Effective Mathematics Teaching
Process-product research in teacher effectiveness is concerned with the
identification of teacher behaviors that are associated with positive student attitudes

and gains in student achievement. Brophy and Good ( 1986) describe this research



as focussing on the teacher in normal school settings sampled from uniform and
well-described populations. Bourke (1984) extends these criteria to include the
contexts of teaching and learning. Historically, these studies have followed an
observational-correlational-experimental loop. Initially, observational studies are
used to describe appropriate teacher behaviors, then follow-up research correlates
these behaviors either singly or in clusters to specific student outcomes. Finall y
teaching models based on these results are tested, usually in pretest-treatment-
postest experiments. This cycle is repeated to further refine knowledge in this area.

Rosenshine (1971) in his review of fifty-one early process-product studies
helped define the field. He outlined four steps usually followed in this genre: (1)
developing an instrument to record teacher behaviors, (2) recording the behaviors
of teachers and their students, (3) comparing the classes on the b.:sis of student
achievement corrected for initial differences, and (4) identifying teacher behaviors
that are related to student achievement. The observational instruments used are
cither low-inference category systems in which the observer or students record the
occurrence of behaviors, or a high-inference rating system in which the observer or
students infer the level of behavior on a scale.

Rosenshine (1971) criticized high-inference rating systems as :acking
specificity and requiring a substantial degree of observer judgement. Whitle not as
subjective, even low-inference systems were questioned. In reviewing
observational and correlational studies, he noted the dif ficulty of assessing the
consistency among different observers' ratings, the tendency to define measured
variables differently in differer! studies, and the differing methods of grouping or

categorizing vanables.



Two procedures commonly used in correlational studies are univariate and
multivariate analysis. Univariate procedures compare a single teacher behavior with
an outcome measure; in multivariate procedures, several related behaviors are
combined into a single measure which is then correlated o an outcome measure.
Since various studies use diffcrent constructs, the results are often not dircctly
comparable.

Nevertheless, the results of effective teaching research have helped define
good classroom practice. Good and Biddle (1988) argue that much sull can be
learned from observational research in developing better teaching models,
particularly in mathematics. Typical of variables investi gated are classrocm
organization, problem-solving processes, teacher and student backgrounds and
perceptions of mathematics (Taylor, 1988), lesson structure and presentation styles
( Smith, 1985) and the role of meaning in teacher explanations ( Sigurdson and
Olson, 1988).

Brophy and Good (1986) in their review of research on teacher behavior and
student achievement cite the works of Flanders as landmark studies in process-
product research prior to the 1970s. Flanders' correlational studies examined the
effects of direct and indirect teachin g on student attitudes and achievement. Direct
teaching being defined as lecturing and giving directions; whercas indirect teaching,
which Flanders favoured, included encouragement and praisc, questioning and
clanfying ideas. In addition to administering student questionnaires and testing the
students' initial achievement levels, the studies involved observers working in pairs
to alternately code classroom interaction. This use of observer pairs influenced

subsequent research methodology.



Bourke (1984) in the Teaching and Learning of Mathematics described the
IEA Classroom Environment Study conducted in grade five mathematics
classrooms in Melbourne, Australia. What differentiated this study from the
mainstreamn of process-product research was the inclusion of classroom context
and presage variables (i,e,. descriptive of teacher background). This study cut
across the descriptive-correlational-experimental loop. The effects of both the
classroom context and teacher behaviours were assessed in terms of both coonitive
and affective outcomes. A teaching model was created by grouping the indc pendent
variables into constructs; this model was tested by correlating these constructs to
student outcomes. The results were consistent with those of Good and Grouws.
Additional recommendations included some small-group work, the use of concrete
materials, and individually prescribed homework.

Process-product research has declined in the last decade. This type of
research describes classroom practices using abstract categories that speak littic
about how specific content matter is to be taught. Even the results of experimental
studies that advance specific instructional models can not be interpreted as the final
words on presentation styles. In addition, this type of research does not adequately
address the issues of how students learn, what students actually do in the
classroom, and what is worth teaching or learning. Observational research, in
general, must not be viewed in isolation, but must be integrated into the larger
picture that involves the subjective assessment of what educational experiences are
worthwhile and significant for the student.

Berliner (1986 ) argues that the research community needs to identif v

experienced and expert teachers and compare those teachers with the novice to
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refine the information about teacher behaviours that have been found effective in
other studies. Expert teachers employ exemplary schema, process information
selectively and efficiently, and utilise scripts and well-practised and automated
routines that may assist us in identif’ ying behaviors which are less eftective in
novice or ordinary teachers. Leinhardt (1988) describes expert teachers as both
managing classroom discussions, demonstrations, seatwork and independent
practice effectively and presenting concepts clearly. All of these tcacher behaviours
enrich the classroom experiences of their students. Expert-novice studies will
establish guide' -es for beginning teachers to consider in planning lessons and
improving their own instruction. The experienced cooperating tcacher often serves
as a role model for the student teacher which affects the student tcacher's
professional development; expert-novice studies may assist the cooperating teacher
to better articulate their expertise. Apart from the practical considerations of teacher
training and the nature of pedagogy itself, both expert and beginning teachers make
interesting subjects to study when researching effective practices.

EXpert-novice studies in mathematics teaching have employed differing
methodologtes. This research may involve observing both experienced and novice
teachers in naturalistic settings, teaching routine lessons in ordinary classrooms.
Lessons are observed and often recorded using audio or videotapes. Pre- and post-
lesson interviews are used to supplement the data base. The different constructs
that experienced and novice teachers employ in setting lesson agendas, presenting
the concepts, and reflecting on the lesson as taught are analyzed. Leinhardt (19%S5,
1988) has pionecred the use of semantic nets - pictonial representations illustrating

how subjects identify concepts and form relationships among them - in com paring
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novice and expert teachers' lesson plans and presentations. Although difficult for
the reader to follow, these sem:antic nets reveal qualitative differences in the ways
teachers conceive of and explain the material presented to students.

In other studies, Carter zcal. (1987) and Berliner et al., (1988) have posed
educational problems for experts, novices and postulants - people from industry or
business with av ..:tere:: in maiiivmatics or the sciences- to resolve. The
differences in how ihe various grouns approach these tasks were then analyzed.

Problems in the selection of expert teachers arise in expert-novice research. If
teachers are selected solely on the basis of experience, are they necessarily expert
teachers? Experience is not necessarily equated with expertise. Research must
address the problem why experience in teaching does not consistently lead to
expertse ( Berliner, 1986) or why some experienced teachers exhibit expertise in
some instances but not in others. Knowing what is best 1o do and actuaily
performing those actions in a teaching situation are not synonymous. This clouds
the findings of research that contrasts student teachers and their cooperating
teachers (Borko and Livingston, 1987; 1990).

At the elementary level, the academic achievement gains of a teacher's
students may be a useful criterion for identifying a teacher's expertise (Leinhardt,
1985, 1990); but, at the secondary level students often have several teachers, and
the same group of students is not taught by the same teacher in consecutive yvears.
However, resorting to reputation, nominations for excellence in teaching, or results
on standardized tests is inherently suspect (Berliner, 1986).

Related to the expert-novice research described above are the eleven

interpretive case studies conducted as part of the Exemplary Practice in Science and



Mathematics study in Australia (Tobin and Fraser, 1987). This study compared
exemplary and non-exemplary teachers. The data collected were obtained primarily
through participant observation - 2 minimum of eight classroom vistts- and student
and teacher questionnaires and interviews. The internai validity of the study was
established through triangulation - the use of multiple researchers and several
sources of confirming data, repeated observations - and meetings of the entire
research ieam to discuss preliminary assertions on the basis of contirmin £ and
refuting evidence. Cross-case comparisons supported the external validity of the
findings: that exemplary teachers have good classroom control, encourage student
participation, emphasize meaning, and maintain a nurturi ng student environment.

In spite of the researchers' definite bias towards sclecting exemplary tcachers,
not only on the basis of peer and key educators recommendations but also on the
basis of a copstructivist epistemology, the study identified salient aspects of
effective teaching. What the study did not address was how teachers with ordinary
skills can construct knowledge about mathematics pedagogy to enhance their own
teaching.

Effective teaching research can not ignore the academic tasks that students
perform in tkz classroom; without that context, knowledge of instructional
behaviors is of limited value (Doyle,1983). The tasks teachers set direct the
learning of students. How teachers structure those tasks, the cogniuve level of
those tasks, and the level of meaning imbedded within those tasks were the central
issues of the case-study research conducted in 1983 in Austin ( Doyle und Sanford,
1985). Ten classes. including two classes in secendary mathematics, participated.

The mathematics classes were observed for a six-week period. In addition to the
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observational records of the classroom events and the processes related to the work
assigned (i.e. resources used, teacher directions, the students' final products and
student accountability) data were obtained through student and teacher interviews.
Based on their findings, Doyle and Sanford suggest that teachers clearly
define tasks for their students and how those tasks will be evaluated, consider their
students' past experience the context of *he tasks within the curriculum, monitor
individual and group work, encourage novel tasks and minimize the risk in

performing those novel tasks.

D. Cooperative Learning

The Curriculum Branch of Alberia Education in its Inierim Teacher Resource

Manual (1990, Alberta Education) for senior-high mathematics emphasizes that,
when planning the instructional experiences for students, the teacher must consider
alternate strategies, such as cooperative learning and discussion, to accommodate

student diiferences and enhance learning. Similarly, The Curriculum and

Evaluation Standards for School Mathematics (1989. NCTM) proposes not only

content changes to reform school mathematics, but also identifies new societal goals
for schooling. Schools, a product of the industrial age, are not addressing today's
needs. The new societal goals for education should provide for

1. mathematically literate workers

2. hifelong learmning

3. opportunity for all, and

4. an informed electorate.

In expanding the definition of mathematical literacy, the Standards emphasizes

developing the student's ability to work with others when solving problems. Their



goal is not simply to meet the needs of an increasingly technological and
information-based society. The Standards is a constructivist document, subscribing
to the view that learning is an active process in which students bring prior
knowledge to the new situation and construct their own meanings. This is
necessarily a social process. To this end, therefore,
instruction should vary and include opportunities for ... group and individual
ﬁﬁig:xrgems; {and] discussion between teacher and students and among

Neil Davidson (1990), in his article, Small-Group Cooperative Learning in

Mathematics, rargues that the NCTM Standards of mathematical communication,

logical reasoning, problem solving, and making mathematical connections are

enhanced by cooperative structures. In addition, cooperative learning provides

social suppon for the discussion of mathematical ideas

opportunities for all students to succeed

a forum for group discussion and the resolution of

mathematical problems.

a vehicle for the exploration of alternate approaches.

an atmosphere in which students learn through discussing ideas, listening
and teaching others.

opportunities for creative and critical thinking through the exploration of
nonroutine problems that may be beyond a single individual's ability. and
- opportunities for the mastery of basic skills in a nove! context.

nh WP~
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Johnson, Johnson and Holubec (1986) distinguish among competitive,
individualistic, and cooperative struc.ures of classroom instruction. They
emphasize that a cooperative learning lesson to be effective in enhancing learning
should contain the following five elements: positive interdependence established
through student discussion enabling students to assist each other to understand the

material and encouraging each other to work hard , face-to-face interaction,

14
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individual accountability, interpersonal and small group skills, and group
processing of those social skills.

The importance of peer relationships in enhancing learning is supported by
Doyle and Sanford (1985) , Skemp (1987) and Prawat (1989). Skemp maintains
that communicating ideas helps to clarify them and that the explanation of ideas to
others allows them to assimilate those ideas into their schema. Discussion
cngenders new ideas, and the sharing of different standpoints promotes
undersianding. Prawat (1989) uses the term "negotiation" to describe the process
in which learners through the discussion of differing or parallel ideas reach
consensus, constructing knowledge consistent with the accepted view in the
disciptine. Doyle and Sanford (1985) in their studies of academic work argue that
group work reduces the anxiety and risks individual students experience in tackling
novel tasks; and anxiety diminishes understanding and limits higher mental activity
(Skemp, 1987). ‘

The posiuve effects of cooperative learning have been well documented in
rescarch. Johnson, Johnson and Holubec (1987) report a meta-analysis of 122
studies in which cooperative learning is shown to result in higher academic
achievernent, enhanced problem solving, and greater retenuion oi the material.
These studies were conducted across all ages and in all subject areas. Slavin (1990)
analyzed 60 studies that compared cooperative learning strategies and more
traditional methods of instruction. Positive gains in achievemen: occurred when the
teacher emphasized both individual and group goals. Students gained in mutual

respect, self esteem, time on task, and attendance.
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The model of cooperative iearning most similar to the one proposed tor this
study is Student Teams Achievement Divisions (Slavin, 1990). In STAD., after the
teacher prese:.ts the material, the students work in preassigned four-member
learning teams that are composed heterogeneously in achievement level, sex. and
ethnic background. The students are examined individually on the material taught.
Students' performances are compared to their own previous achievement, and
points are awarded on tiie basis of improvement. The teams earn certificates or
awards based on the total scores of the individual members which comprnisc that
team. The primary purpose of STAD is to motivate students to assist cach other

master material presented by the teacher.

E. Mathematical Understanding

Any system of teaching mathematics must, necessarily, consider both how
students learn and whether that system enhances mathematical understanding.
Among many mathematics educators, constructivism as an epistemology has
gained currency.

From a constructivist standpoint, human beings are active learners, their
behaviour is purposive and they organize concepts within structures or schema
based on past experiences (Skemp, 1987). All knowledge inciuding mathematics is
personally constructed; no two people have the same knowledge (Goldin, 1990).
Reality is part of our experiential world and our adapation to it; and, we define rules
and perceive regularities based on experience (von Glaserfeld, 1990). Mathematics
is a human endeavour constructed to accommodate human purposes

(Confrey, 1990) rather than an eternal body of truth (Goldin, 1990).
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If knowledge is personally constructed and cannot be imparted directly from
the teacher to the student ( Confrey, 1990; Goldin, 1990; Steffe, 1990), then the
mathematics teacher must provide oppertunities for students to develop as accurate
and complete mathematical understandings as possible (Baroody, 1990).
According to Goldin (1990), the teacher should allow for guided discovery,
meaningful appiications, problem solving, and a positive learning atmosphere in the
classroom. The learner should assume an active role in his/her learning
(Confrey, 1990).

Meaningful learning must assume a greater role in classroom instruction than
rote learning (Baroody and Ginsburg, 1990). The concepts taught should be
connected to the learner's existing knowledge base (Barocody and Ginsburg,1990)
and placed in context with other material taught (Steffe, 1990). Prawat(1989)
insists that student understanding is enhanced when formal knowledge is supported
by the informal knowledge students bring to the classroom. Through every-day
applications we can make the studenta. .e about the mathematical structures that
underlie the physical world (Confrey,1990). The classroom should be organized to
compel students to think, by teachers' modelling and active questioning eliciting
students' responses and conjectures (Noddings, 1990). The onus is on students to
decide the appropriateness of their constructions (Confrey, 1990), since none of us
can know with certitude what another's constructs are.

Students should be made aware of their constructions, and through reflection
modify them to accommodate new concepts (Confrey,1990; Mason,1987). In
addition teachers should reflect on their own mathematical constructions to

determine novel approaches to presenting material (Steffe, 1990).
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Because know!edge must be tested to determine its fit or appropriateness (von
Glaserfeld, 1990), active discussion between teacher and studenis and among
students is essential to confirm or reject tentative constructs (Prawat,
1989;Confrey,1990); problem solving in mathematics is necessarily a social
process (Steffe, 1990).

If constructivism is assumed, then we may also assume mathematics is a
creative activity not only for mathematicians but children as well (Davis and Mabher,
1990). However, students may think that mathematics helps them think creatively
and logically, on the one hand, but maintain that the subject is best learned by
memorization (Schoenfeld, 1989). Educating students in mathematics may be
viewed as a process of transforming novices into experts (Blais, 1988). The
difficulty teachers experience in attempting to have their students bridge that gap is
that they may give too much explanation and guidance with the belief that the
students can "cscape the siruggle inherent in the process of leamning to reason”
(Blais,1988; p. 628). Expertise, as well, depends on domain specific knowledge;
problem solving skills in mathematics may not be dependent on heunistics as much
as a firm knowledge base in the subject matter, that is, the appropriatc schema
which empower the student to tackle the non routine (Owen and Sweller, 1989).

Sigurdson and Olson (1988) conducted an experimental study that focused on
the role of meaning in teaching mathematics. Fifty-four grade eight mathematics
teachers taught for a six-month period using one of four approaches: (1)
conventional textbook instruction, (2) direct instruction using e Missouri Model,

(3) direct instruction with an emphasis on meaning, and (4) direct instruction
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emphasizing meaning and problem solving. The results of the study supported the
effectiveness of the Missount Model and a focus on meaning within that framework.
F. Constructivist Views on Direct Instruction

There 1s no recipe-like method that can supplant the individual teacher

working skillfully to establish a mathematical environment (Davis, Maher &

Noddings, 1990).

Educators with a strict constructivist perspective tend to view direct
instruction as either too prescriptive or failing to provide an adequate basis for
"higher-cognitive skills” (Confrey,1990). Direct instruction is criticized as failing
to connect symbols and their manipulation to existing student knowledge,
overlooking student differences, individual needs and readiness, and presenting
content too quickly to be understood (Baroody and Ginsburg, 1990).

However, even constructivists concede that the Active Teaching strategies of
Good, Grouws and Ebmeier (1983) need not be entirely abandoned, especially
when routine practice may be advantage:ous'in acquiring facts and skills that may
later be used in problem solving.

The Curniculum and Evaluation Standards for School Mathematics (NCTM.,

1989), a constructivist document, criticizes classroom instruction during which
students "passively absorb information" presented in bits and pieces to be mastered
through dnll and practice. The Standards advocates classroom instruction that
ensures students are active participants in their learning, and are given opportunities
for group work and discussion, project work and individual assignments, practice

with methodology, and appropriate teacher explanation and interaction.



G. Summary

According to Lampert (1988) research on effective mathematics instruction
indicates that good teachers are confident enough in their subject to direct student
inquiry without being too specific; deliver a curriculum that addresses student
questions and is true to the discipline; work from the premise that students are
actively forming their representations of mathematical ideas, provide appropriate
experiences and motivate students to learn.

Mathematics researchers cannot concentrate solely on the curriculum and
ignore instructional practices (Brophy, 1986). The reality of the classroom
situation dictates that teachers must move entire classes through prescribed
curricula. For implementation within that context, systematic approaches to
instruction are required (Brophy, 1986). Teachers learn by experience that certain
techniques are more successful than others and avidly adopt suggestions, such as

those outlined in Everv Minute Counts: Making Your Math Class Work (Johnson,

1982). He suggests approachesfor effectively using the time in classrooms for
active instruction, in presenting material, having students practice, monitoring
progress with appropriate questioning, providing feedback and trying to get

improved responses and performance from students.



Chapter III - Methodology
A. Overview
The purpose of this study was to determine the appropriateness of an
instructional raodel designed for effective senior-high mathematics instruction. The
study involved several phases:

1. The development of the model;

tv

. The model's implementation and interpretation by classroom teachers;

. The testing for achievement gains; and,

HW

. The analysis of student attitudes towards mathematics.

The preparatory phase of the study involved the development of a model for
effective mathematics teaching. The design of the Interactive Teaching Model was
based both on the set of key instructional strategies proposed by Good, Grouws
and Ebmeier (1983) and elements of cooperative learning.

The model was used by four senior-high mathematics teachers to teach two
consecutive units - systems of equations and geometry in Mathematics 23, a grade-
eleven course of studies intended for students of average mathematical ability.
Three teachers agreed to participate as part of the control group. A total of eight
classes, four in the treatment group and four in the control group were observed
over a four-month period.

Over the course of the study, the treatmeut teachers were asked to keep a log,
recording their perceptions of the model; in particular, noting those elements which
they considered successful, and those they would modify or discontinue after
completion of the study. Included in the logs were the teachers' daily lesson plans

and homework assignments.
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A pretest, and two unit tests were developed and administered to the classes
to determine differences in achievement, if any, between the treatment and control
groups. In addition, a questionnaire to assess the students’ attitude towards
mathematics was designed and administered to both groups to evaluate the students'
perception of the learning and teaching of mathematics, and whether attitudes
differed for students in the treatment group.

Prior to the study, both the treatment and control teachers were observed to
determine which elements, if any, of the model they used in their daily teaching
routine. During the study, the treatment teachers' classes were observed to
determine the degree to which those teachers implemented the model. A
Classroom Observation Scale was developed to supplement and in aid the anal ysis
of field notes. In addition, the teachers and students were interviewed to ascertain

their perception of the efficacy and approprateness of the model.

B. Design of the Interactive Teaching Model
The following is an outline of the lesson format that was used in this model.
This model was structured to accommodate a class period varying between sixty-

four and sixty-seven minutes in length.

LESSON FORMAT

DAILY REVIEW AND HOMEWORK CHECK - 10 minutes
* Begin with oral work
* Review previous lesson's skills and knowledge
* Deal with homework

DEVELOPMENT - 25 minutes
* Place concept to be taught in context of past knowledge and future
problems

22



23

* Emphasize meaning ‘
* Monitor student understanding through active questioning
* Reinforce coacept through controlled practice

COOPERATIVE PRACTICE - 25 minutes

* Provide opportunity for successful practice

* Include word problems and applications related to the lesson

* Encourage active group discussion

* Keep individuals accountable
HOMEWORK

* Assign homework relevant to lesson

* Ensure that the questions assigned can be completed

successfully by the majority of students working independently

* Include a review question.

C. Discussion of the Modei
The lesson structure is an adaptation of a set of key instructional strategies for
effective mathematics instruction proposed by Good, Grouws and Ebmeier (1983) .
The Good and Grouws approach, originally based on teacher- centred, whole-class
instruction, has been modified to encourage student-student interaction and
discussion about the mathematics presented, and to focus on mathematical meaning.
Throughout the lesson the teacher is expected to provide opportunities to actively
engage the students in their own learning. As much as possible in the development
segment and during group work, student understanding is developed through real-
world applications, references to the students' own experiences, mathematics
modelling, concrete materials, and process-problem solving.
Oral work at the beginning of the lesson is intended to emphasize the

importance of the first few minutes of the class. Rather than focussing on routine

clenical matters, all students will engage in relevant and meaningful mathematical

activities that will set the tone for the rest of the period.
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Less time than teachers routinely spend is devoted 1o addressing problems
with the previous day's homework. Problems from assi gned work, dealt with ina
whole class setting, are limited to those which concern the majornity of the class. By
restricting the time spent on taking up homework, more time can be devoted to the
presentation and discussion of new material.

The development segment of the lesson is that part of the period devoted 1o
actively involving students in developing their understanding of skills and conceplts.
Meaning is established by relating the content to previous knowledge, by placing
the concepts in the context of the students’ own experience, by modelling everyday
situations, by focussing on applications, and by using concrete materials when
applicable. Through questioning, the teacher monitors student understanding, and
ensures that students are held accountable.

The controlled practice portion of the development, when the students work
on one or two problems followed by a class discussion, is designed to provide
additional feedback to the teacher, and to enhance the students’ proficiency with the
material.

In the cooperative-practice segment, students work in groups of four. These
groups are to be heterogeneous by sex and achievement. The intent of the groups 1s
to provide student support when they are working on questions assigned based on
the material presented in the lesson development. In this phase of the class, both
group and individuals are held accountable for the work to be completed in class.
As well, in this portion of the lesson, novel problems are discussed by the class as

a whole and within the groups. These problems are integrated into every
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second lesson. The intent of these problems is to develop students' problem
solving skills and to motivate students.

Homework is to provide students with an opportunity for successful practice.
Because of the time spent in the group-practice phase of the lesson, the number of
questions assigned should be fewer than what normally might have been assi gned.
D. Sample Lesson

The following lesson illustrates the Interactive Teaching Model used by the
treatment teachers during the study. It is representative of the six lessons- the first
three in each unit- which were prepared for the treatment teachers and included in

the inservice package. The textual references are from MathMatters: Book Three

(Ebos, Zolis and Morrison, 1991).

Lesson 1: Solve systems of linear equations in two unknowns graphically.

Daily Review and Homework Check - 10 minutes
* Oral Work

Ask the students to respond to the following questions.

Have the students justify their own or their peers' answers.

1. Describe the graph of x = 1? Explain.

2. What is the equation of the horizontal line which
passes through the point (1, 2)? Why?

3. At what point do the lines x =3, and y = 4 intersect?

4. What are the equations of the horizontal and vertical
lines which pass through the point (-1, 5)?

5. What is the slope of the line y = 3x - 1 2 Why?

6. What are the slopes of the lines y =2x and y = 2x + 17
How are these lines related? Why? Would these lines
intersect?

* Review: none
* Homework: none



Development - 25 minutes

* Define systems of equations.

* Explain that this unit involves using many of the principles leamned in the
previous chapter on linear equations and their graphs. Mention that the
systems of equations that the students will be solving consist of a pair of
linear equations, that each linear equation represents a straight line, and that
the objective is to determine if and where the lines intersect.

* Example 1
Two students, X and Y, wholive 10 km apart decide to cycle towards cach
other to meet one afternoon. How far has each travelled when they met?

The foliowing questions should be addressed.

1.

2

Lk

What distances are possible? Emphasize that a number of answers are
possible.

. If X represents how far Student X has travelled, and y represents how

far Student Y has travelied, what equation represents the relationship
between
xandy?
X+y=10

. Ask students to suggest ordered pairs which sausfy the

equation. Point out that there are restrictions on the two variables.
O0<x=<10and0<y< 10
Have the students graph the equation.
Discuss the reason why the information given in the original question
was nadequate to find unique values for x and y.
Provide an additional constraint to the original problem. If Student X
cycled 2 km farther than Student Y, how far did each travel?
The answer should now be obvious: x = 6 km and yv=4km.
Discuss the equation representing the second statement, X - y =2, and its
graph.
Explain that the two equations X+y =10... (D)
X-y = 2..(2)
form a system of equations, and that the point of
intersection of the graphs of those equations is the required solution.
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(6.4)
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* Example 2
Solve the foliowing system graphically, and verify the solution by
substitution. Discuss both tables of values and intercepts.
2x -y =7..(1)
X+ 2y =1...(2)
* Use controlled practice to emphasize concepts. At least two additional
examples should be completed; however, do not exceed 25 minutes for the

development segment. One example of a system to be solved graphically
follows.

3Xx+y=6... (1)
X=y-2..02)

Cooperative Practice - 15 minutes
* Assign pp. 199-200, questions 1-4. Indicate that at the end of the period,
the assignment will be selected, at random, from one of the students from
each group. These assignments will be graded, and each student in the
group will receive the mark based on that assignment.

Problem Solving - 10 minutes :
* Spend the time with the entire class discussing the following problem.

How many different pairs of positive integers can be found to solve the
following equations? For the purposes of this question, the pairs 3 and 2,
and 2 and 3 are considered the same.

Look for patterns.

L x+y=2
2. X+y=3
3. x+y=4
4. X+y=S5
5 x+y=1001
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Homework

* Assign p. 200, questions 6 and 7.
E. Sample

Seven experienced senior-high mathematics teachers volunteered to participate
in the study. The model was used in four non-semestered Mathematics 23 classes;
four non-semestered Mathematics 23 classes served as the control group. Both the
teachers who participated in the treatment group and those in the control group
taught the same two units - systems of equations and geometry - both of which are

outlined in the Alberta Education Mathematics 23 Course of Studies (1990). All

seven teachers used the same text: MathMatters: Book 3 ( Ebos, Zolis and

Morrison; 1991).

F. Choice of Units

The two units - systems of equations and geometry - taught for the duration
of the study were chosen for convenience. In the majority of senior high schools
these units are the first two that are covered in the second semester. By limiting the
study to these twe units, there was a minimum disruption to the teachers' yearly
plans. Furthermore, both topics lend themselves to process problems and teaching

for understanding.

G. Inservice
Two three-hour inservice sessions were arranged during the last week in
January, 1991. The treatment teachers weie provided with an overview of the

study, the lesson format to be employed, and suggestions on implementation. The



first three classes in each unit were prepared for the teachers prior (o the inservices.
The prepared matenal included problem-solving activities for each unit and
assisted the teachers in planning the remaining lessons.

The two units were not be prepared for the teachers in their entirety. This
permitted the teachers to interpret the model for themselves and allow for flexibility
ini the classroom to address the unique requirements of each class. [t was not the
intention of the study to script each lesscn.

Duning the first month of implementation, each treatment teacher was visited

twice to monitor the program and offer assistance.

H. Pretest

A pretest comprised of thirty multiple-choice questions was administered in
cach of the eight classes prior to the first unit taught. This test was a survey of the
three unt1s of study in Mathematics 23 covered before systems of equations. The
number of 1tems from each unit was based on the unit weightings suggested in the

Intenim Teacher Resource Manual for Mathematics 23 (Alberta Education, 1990).

The emphasis is on the application of the concepts in a problem-solving context.

This test was pilotzd and revised before implementation.

I. Unit Tests
A anit test was administered at the end of each unit. Each test consisted of
thirt; - problem oriented, multiple-choice items based on the learner expectations

listed in the Mathematics 23 Course of Studies (Alberta Education, 1990). Both

unit tests vere prloted and revised.
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The purpose in administering these tests was  Jetermine the Jdifferences, if
any, between the achievement of students in the treatment group and students in the
control group.

J. Student Questionnaire and Intervien

Twenty-five closed-ended items which comprise the Attitude to Mathematics
student survey ( see attached ) were piloted and administered at the end of the study
to determine the students' perception of both the relevance of mathematics o their
daily lives and the appropriateness of the instructional model. In parucular. the
attitude survey focused on six factors:

1. Interest in lesson

to

Class cohesiveness
Teacher- student relationship
Organization of learning environment

Problem solving

S

Homework

Three students from each of the treatment teachers' classes were interviewed.
The teachers assisted in selecting from those who volunteered, students who were
representative of high, low and average students in their classes. The students were
asked to give their impressions of the lessor. format, the style of presentation and

group work.

K. Classroom Observation
Each of the teachers' classes was observed during the course of the study

according to the following schedule.
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Week Classes
1 treatment and control
2 treatment

4 treatment
6 treatment and control
8 treatment

The first two visits to the treatment classes served two purposes: to observe
whether the teaching format was being followed and to coach the teachers in the
implementation of the model. In addition, both the control and treatment classrooms
were observed to confirm that neither the treatment r. zontrol classes were being
taught according to the lesson format to be used in the study.

The classroom observation scale detailed in Chapter [V was used to rate the

degree the teaching format was implemented.

L. Interviews and Journals

Each treatment teacher was interviewed during each of the two units and was
asked to maintain a journal. The intention was to determine teacher reactions
regarding the effectiveness and appropriateness of the model in teaching senior-high

mathematics. A listing of the interview questions is given in Chapter [ V.
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Chapter IV - The Instruments

A. Introduction

This chapter details the instruments used during the study to gather data;
specifically, the pre- and post-tests designed to assess achievement dif] ferences
between the treatment and control groups, the teacher and student interviews
developed to determine teacher and student impressions of the effectiveness and
appropriateness of the Interactive Teaching Model, the student questionnaires
administered to measure attitude differences between scudents in the treatment and

control groups, and the Classroom Observation Scale used duri ng classroom visits.

B. Pre- and Post-tests

Three thirty-item multiple-choice tests based on the Mathematics 23 Course

of Studies (Alberta Education, 1990) were prepared, one pre-test and two post-
tests.

The pre-test surveyed the program objectives students covered pricr to the
unit on systems of equations. Ten items were constructed for cach of the following
units: Powers and Radicals, Algebra, and Linear Relations

The items for the cach of the two post-tests, Systems of Equations and
Geometry, were distributed equitably across the objectives for those two units.

Both the text, MathMatters: Book 3 (Ebos, Zolis, and Morrison, 1991) and

the Senior High Mathematics 20/23/24 Interim Teacher Resource Manual (Alberta

Educ tion, 1990) were referenced during item construction.
For all three tests, the items tested student comprehension, applications, and

problem solving. As a result, these tests were more difficult than the usual tcacher-



made tests which emphasized knowledge items. The following selected from each
of the three tests arc r2presentative of these items. The complete tests are included

in the appendix.

1. A packing case is cube shaped. If its volume is 6.7 m3, then the area of the
top of the case, correct to one decimal place is
A 3.4m2 B. 3.5m?2
B. 3.6 m2 D. 3.7m?2
2. What is the value of "a" so that ax + 3y =2 and4x -7y -8 =0
cross the x-axis at the same point?
A1l ' B. 2
C. -1 D -2
3. How many cubes 2 cm on a side can be placed in a box 6 cm long,
6 cm wide, and 6 cm high?
A, 27 B. 18
B. 36 D. 54
Each test was piloted prior to the implementation of the model. The tests were
piioted in a semestered Mathematics 23 class of twenty-four students who had
completed the course and were reviewing for their final exam. Items were revised
based on the following criteria:
1. At least 5% of the students chose each distractor.

2. Atleast 30% of the students answered each question correctly.



As well, the tests were discussed with the seven teachers who participated in the
study, the teacher who piloted the tests, and a former test-construction expert with
the provincial department of educztion.

As a result the following items were revised or replaced.

Test Items Revised

Survey (Pre-test) #1,2,3,5,8,9 10,13, 15, 16,
18, 20, 21, 23, 27, 29
Systems of Equations #1, 8, 10, 14, 16, 21, 24, 29
Geometry #2, 6, 15, 29, 30
The majonty of changes to the pre-test were madc (o ensurc that all the items

reflected what the seven teachers had taught prior to implementation of the model.

C. Teacher Interviews

Each of the four teachers who used the Interactive Teaching Model in their
classrooms was interviewed twice, at the end of each of the two units of study.
The first interview examined their initial impressions of the model, their
observations of student reaction:;, and the elements of the treatment program they felt
they may continue at the conclusion of the study.

Interview 1
How does the Interactive Teaching Model differ from how vou have
traditionally taught?
What are the advantages, if any, with beginning the lesson with oral work?
How have you been dealing with homework during this study?
Have you been satisfied with this approach to homework? Why?
Have you been spending more time in preparing lessons? Why.
[s teaching for "meaning" difficult? Why?
How do you reconcile teaching for meaning with teaching for skills?
How did you select the groups for the cooperati ve-practice segment?
How have the students accepted this arrangement?

—
.
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13.

14.
15.

16.
17.
18.

What difficulties or advantages do you see in "cooperative practice"?

- How does the homework you have been assigning differ from what you had

normally done in the past?

What are the students’ impressions of the Interactive Teaching Model?

Do you feel the students are learning more or less mathematics under this
system? Why?

How do you think students learn mathematics?

What are important considerations a teacher should take into account to
enhance her students' learning mathematics?

What are your impressions of the strengths of Active Teaching?

What are your impressions of the weaknesses of Interactive Teaching?

Do you feel your teaching will change after the completion of the study. Why?

After the first round of interviews the teacher responses were reviewed.

Based on the teachers' initial reactions, the second interview focussed on the

strengths and weakness of the model and the possible change in the teachers'

classroom practice following the study.

Interview 2

What aspects of interactive teaching will you continue after the completion of the
project? Why?

What aspects will you not continue? Why?

What have been the students' reaction to the Interactive Teaching Model?

Do you feel the students learned more or less mathematics under this system?
Why?

What are your views on the success or failure of students' working together?
What are your views on the times allotted to the various segments of the lesson
format?

Have the students been active participants throughout the course of the study?
Did it become easier to pian lessons as the study progressed?

Concluding statements?

. Student Interviews

At the end of the treatment program, as a result of informal conversation with

students during my classroom visits, | was interested in students' impressions of

I. How the Interactive Teaching Model differed from their teachers' previous

practice,

o}

Whether they felt those changes helped them to learn mathematics,
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3. Their attitude towards cooperative learning activities,

4. Their task orientation both to classroom work and homework,
5. Their attitude towards mathematics and its application, and,

6. What classroor. routines they preferred.

Three students from each treatment class were interviewed towards the end of
the study. The classroom teachers selected a high achiever, an average student, and
a low achiever from those students who volunteered to be interviewed. The same
questions were asked of each student.

Student Interview

During the last two units you have participated in 2 study that involves a
lesson design that may or may not differ from the style of instruction to which you
are used to in mathematics. I will be asking you several questions which relate o
the approach to instruction your teacher has used in the last two units: system of
equations and geometry. Your answers are important to me in deciding the

appropriateness of this approach to teaching mathematics. Y our answers will be
kept in strict confidence. Please answer each question as accurately as possible.

1. What were the main differences you noticed in the way the lessons were taught
during the last two units from what was done before?

Do you think those differences have helped you learn mathematics? Explain.
What are your impressions about working together with other students on
mathematics?

Have you been doing more mathematics in class? Why or why not?

Has it been easier to understand the material you have been taught? Why or
why not?

How useful to you do you think the mathematics you have been taught in the
last two units?

Have you been completing your homework assignments?

What things can a teacher do to make it easier for you to learn mathematics?

M XN & Lk WP

. Student Questionnaires

Originally, thirty closed-ended items were constructed to determine students’
perception of both the relevance of mathematics to their daily lives and the
appropriateness of the instructional model. In particular, the atutude survey

focused on six factors:



1. Interest in lesson

o

. Class cohesiveness
3. Student-teacher relationship
4. Organization of learning environment
5. Problem solving
6. Homework
Each facior consisted of five items. A number of these items were selected from
published attitude surveys (Tobin and Fraser, 1987; Si gurdson and Olson, 1989).

The questionnaire was piloted in two semestered Mathematics 23 classes
consisting of a total of forty-seven students . A varimax factor analysis (see
appendix) was performed on the data, and, as a result, the items clustered into nine
factors based on inter-item correlations. Twenty-five itemns that correlated most
strongly to these factors were retained; five items were deleted. The revised
questionnaire which was administered to the treatment and control groups appears
below.

ATTITUDE TO MATHEMATICS: MATHEMATICS 23

Answer all questions on the answer sheet. Fill in the circle that best represents your
answer. Use HB pencil.

ABCD

0000

A =always B =often C =seldom D = never
Example:
I hike waiching hockey on television. A B C D

0000O0
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THERE ARE NO RIGHT ANSWERS; PLEASE INDICATE WHAT YOU
THINK.

fod

I can see how the mathematics in this class can be applied

outside the classroom.

I am interested in the work we do in this mathematics class.

It is important to learn the material taught in this class.

What I learn in mathematics will help me when I have a job.

I find mathematics class interesting.

I like working with the other students in this class on

mathematics.

Students help each other learn mathematics in this class.

I like to discuss problems in mathematics with other students in this class.
I like it when my teacher does a few examples before I am asked to do a
question on my own. )

10. 1 need my teacher to learn mathematics.

11. When [ have difficulty with a question in mathematics, I ask my teacher.
12. 1 prefer to have my teacher help me with a difficult problem rather than try it on

my own.

13. This class is well organized.

14. 1 like the way the material is presented in this class.

15. 1 spend most of the time in each class doing mathematics.

16. Getting a certain amount of class work done is very important in this class.
17. Doing challenging, thinking questions is an important part of mathematics.
18. There is more than one way to do most mathematics problems.

19. I like to do mathematics probiems my own way.

20. Mathematics problems are interesting.

21. Doing mathematics problems is a good way to learn mathematics.
22. Itis important to complete my homework in this class.
23. I can do most of the questions assigned for homework in this class.
24. Doing homework makes it easier to get better marks in this class.
25. Doing homework for this class makes it ezsier to learn mathematics.

VRN bWl

The nine factors were interpreted as follows:

Factor Items
1. Class Cohesiveness 6,7,8
2. Homework 21, 24, 25
3. Goal orientation 3,12, 15
4. Interest in lesson 2,5, 17,20
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5. Independence 19, 23

6. Class organization 10,13, 14
7. Relevance of content 1, 4

8. Task orientation 9, 16, 22
9. Teacher dependence 11, 18

F. Classroom Observation Scale

A classroom observation scale was developed to determine the extent to which
the treatment teachers adhered to the model, to assess the differences in instuctional
practices between the control and treatment teachers, and to identify the changes in
classroom practice of the treatment teachers arising from the implementation of the
model. -

The classroom observation scale was adapted from a similar instrument
developed by Sigurdson and Olson (1990). The purpose of this scale was twofold.
1. To record the times the teachers spent on oral work, review, homework, lesson
development, and cooperative practice; and, at the end of each lesson, the length of
time, based on teacher estimates, students would be required to complete
homework assigned
2. To score each of the lesson segment on a high-inference four-point
implementation scale, according to the extent each matched the expectations of the
Interactive Teaching Model.

As the lesson was observed, each lesson segment was assigned a score from
O through 3 based on the level to which the teacher implemented the model. At the

end of the lesson the extent to which the teacher taught for meaning rather than
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merely emphasizing an algorithmic approach was rated on a Meaning Scale. This
scale, like the Implementation Scale ranged from O to 3, where O represented no
attempt on the teacher's part to teach for understanding and 3 represented a sincere
and effective approach to teaching for meaning, such as: utilizing real-world
examples, indicating alternate approaches, using models and concrete materials,
relating new concepts to previously taught material, engaging the students in
dialogue through effective questioning techniques, and drawing on the students’
own experiences.

The problem solving scale was used to rate from O to 3 the extent to which the
non routine problems were approached interactively through teacher-student
discussion. As non routine problems were to be introduced every other lesson
during the cooperative practice, not every lesson was rated.

As well as using the Classroom observation Scale, extensive ficld notes were

taken, detailing the development of each lesson observed.
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Figure 1. Classroom observation Scale

Teacher No: . Date: ___ Topic:

Daily Review —I
Oral | Review | Home- Develop-§ Cooperative § Home-
work work ment Practice work
Time Teacher Es
o | 1
Implementation (i) " Page Page
O Not attempted
1 Some implementation ) .
j 2 Impiementation incomplete Question Question
3 Fully implemented
Probiem Solving Scale Meaning Scale
O No PS activity O Not attempted
I PS given 1 Some attempt
2 Teacher solution _ 2. Attempted, but
3 Solved interactively not complete
3. Completed
Effectively
Comments




Chapter V - Qualitative Results

A. Introduction

This chapter contains the qualitative results of the study and addresses the
treatment teachers' and their students' perceptions of the effectiveness and
appropriateness of the Interactive Teaching model. Data were gathered and verificd
through classroom observation, personal interviews with the participating teachers
at the end of each unit, each treatment teacher's daily journal, and the student
interviews conducted at the conciusion of the study.

Three of the ‘our teachers who volunteered to participate in the treatment,
fully implemented the Interactive Teaching Model. The fourth tcacher, who due to
personal and work-related factors, did not carry out the model to that teacher's
satisfaction. Quantitative data supporting the exclusion of the fcurth teacher is
contained in Chapter V1. As a result, this chapter includes only the views of thosc
teachers who fully implemented the Interactive Teaching Model and the views of
their students. A discussion of the fourth teacher's invol vement and views may be

found in the appendix.

B. Personal Background and Possible Sources of Bias

This study was conducted while I was on sabbatical leave from my school
district. Priorto:; . leave, I had taught sentor-high-school mathematics for
twenty-three years, the last three years as a department head of mathematics in a
large, urban high school. Two years before that assi gnment, [ was employed as a

mathematics consultant. I have known the participating teachers a number of years,



and I respect their dedicaton to their profession, their competence, and their

honesty of opinion

C. Curol

Dunng the study, Carol was teaching ..1athematics part time in a large senior-
high school located in a largely working-class ne.ghbourhood. Carol had taught
high school for twelve years and had been at the same school for the past six. She
has completed five years of post-secondary education, a four-year Arts degree and
-ne v~ .~ of weacher training. Her temperament and educational background are well
suited for teaching mathematics. She takes an active interest in her students'
welfare and stnives continually to enhance her classroom climate and improve her
instruction.  Carol's teaching assignments during the study included both academic
and remedial classes at the grade ten and eleven levels.

Carol's Mathematics 23 class, in which she implem: cnted the Interactive
Teaching Model, consisted of twenty-eight students. The class met three times per
week, cach class period being sixty-four minutes in length. The treatment began
with the introduction of the unit on svstems of cquations and ended three months
later with the completion of the geometry unit, Throughout the study she made a
concerted effort to apply both the lesson format and the spirit of the treatment.

During her first interview two weeks after the study began, Carol
acknowledged that the Interactive Teaching Model was a departure from her regular
classroom practice.

I'used to spend more time on homework: maybe more than I wanted to in
taking up student questions at the beginning of the class. 1 am better

43
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organized now and I don't spend more than ten minutes. | used fewer

examples wita meaning; now I make a conscious effort to include

meaning. I did not use cooperative pracuce. I used to review ut the

beginning of the class, but now I am more conscious of what I will be

reviewing (with the class).

As part of the treatment, she divided her students into seven groups of rour.
Carol used the students' grades which reflected their achicsement from the
beginning of the school year. For each group she chose a high-achieving student, a
low acliiever, and two students with average marks. Aswell as using student
grades, Carol identified those students whose attendan.c fad been unsatisfactory.
Every effort was made to avoid placing more than one p~ - attender 1n a L1ven
group. Inaddition, Carol balanced the grocps . -4 personality. Students
who had a history of being off task werz split u; 0 z2roups remained the same
throughout the study.

Immediately prior to implementing the model, Carol discussed her
expectations with her class. She asked the students (1) maintain orderly notebooks,
with assignments clearly dated and referenced 1o the text. Homework assignments
were (o be revised by the students with corrected solutions wnitien next to therr
original work. The students were cautioned that they would be held accountable tor
their homework. On Fridays, several questions were 10 be chosen randomly 15om
the week's assignments, and the students were 1o copy their solutions to those
questions directly from their notebooks and hand them in for grading . Students
were told that thetr group work was to be graded as weil. Each member of the
group was to be responsible for recording the work the group was asked 10
complete. The class was instructed that any mem&r of the group could be called

on to hand in his’her work and that all members of the group would recerve the



same mark. These expectations were summarized on a handout and the students
were asked to retain it for their reference.

For the first three lessons taught in each 1it, Carol followed the suggestions
outlined in the inse:rvice package. | observed the first lesson she taught. After the
lesson, she admitted that because the format differed from her regular classroom
routine, she concentrated too much on adhering to the time limits and did not focus
on whole-group interaction during the lesson development, at least to the extent she
would have wished. During the first interview, conducted after she had taught the
tirst unit, Carol still was concerned with the time constraints.

I was hurried using the model. I've been watching the clock and perhaps |

don't cover all the matenial during the development. Also I don't have

enough time just to talk to the students. Just talking to the students is
motvatng.

Another of Carol’s initial concerns was the time taken in lesson preparation;
however, she and Robert, the other teacher involved in the project at the school,
began planning together. Working cooperatively significantly reduced her work
load and both teachers benefited through sharing ideas.

During all five lessons I observed, Carol began her lessons with a review of
the homework assigned from the previous l.esson.. Complete solutions to the
homework were prepared on overhead transparencies before the lesson. Questions
with which the students had difficulty were discussed, and time was allowed for ihe
students to correct their written work and ask questions. As well, Carol would
cireulate throughout the class to assist individual students with their work and to

monttor whether they had completed their assignments. Regularly, students were

asked to hand in questions from their assigned work for grading.



Carol limited the amount of homework she assi gned to what she estimated
that the majority of her students could complete successfully in fifteen minutes.
She did not include difficult questions in the homework; non routine and
challenging questions were reserved for group discussion. She found that even
though she was assigning less daily homework than she had in the past, students
were in fact doing more work outside of class. This approach to homework,
though successfiul, she limited to this class, since Carol felt her workload would
have been too onerous otherwise.

L uring the lessons observed, Carol followed the homework review with oral
exercises. For Carol, these oral activities served a dual role. Not only did she
design them to set the scene for the day's lesson but also to review Key concepls
and procedures. For instance, in the lesson she laught on aigebraic solutions to
systems of equations, the oral work dealt with solving linear equations for "s" or
"y" as subject and simpiifying algebraic expressions by removing parcntheses.
Both of these procedures were prerequisite skills for the lesson which followed.
When interviewed about her impressions of oral work, Carol replied.

It gets the students started ~ore quickly and prepares them: for what they
are going to do four the day. It gets them thinking more about math. If | had
started this froin the beginning of the vear [ think | might have gotten more
positive resuits. The students would not have wasted as much ume gettng
started.

Within the development segment of the lessons, Carol incorporated real-world
examples, fiands-on materials, partcularly in the geometry unit, and approached
proolem uituations from alternate perspectives. As she developed the matenal she

used a Socratic approach to engage the students in discussion.
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Typical of her approach was a lesson on polyhedra. She brought a deflated
soccer ball into class and had the students count the flat surfaces sewn together to
form the three-dimensional object- specifically a truncated icosahedron. The class
discussed several other polyhedra illustrated on posters as well. During the
cooperative practice segment of this lesson, Carol had the groups use "Zaks"-
interlocking geometric shapes- to construct regular tetrehedra, hexahedra,
-«i-hedra, and icosahedra. The homework assignment was to cut out combinations
ot the patterns below to draw a net and form the shell for Figure 2.

Figure 2 . Polyhedron and its net
Patterns

SR

The foliowing represents her impressions on teaching for meaning and for
student understunding.

Teaching for understanding is easiar than [ thought it would be. However,

I think some students make and see connections more readily than others -

the high achievers.

She feels that a balance must be struck between the teacher striving for
student understanding and having students master skills and procedures through
drill and practice. Activities emphasizing meaning should be followed with practice

exercises for skill development. Once the skills are in place the teacher should

provide students with the opportunity to explore the material further to foster a
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deeper understanding of the concepts. Students, she believes, who ure weak n
skills may initially have dif] ficulty in abstracting meaning from the lesson content
when first presented, and that for these students meaning may be developed more
fully once algorithmic proficiency is in place. Also, if students cre (o be motivaled
to make the etfort to understand mathematics, examns should emphasize
understanding as well as algorithmic expertise .

After the development segment of each iesson, the students moved their desks
into the groups of four to which they were assigned. In all lessons obser-ed, her
students worked well together, discussing with others the questions assi gned for
practice. Seldom were students off task. Carol monitored the groups and assisted
students when requested. Assigned work was regularly handed in for marking.
At the conclusion of the study, Carol asked her students for their reactions. They
atfirmed that they liked working together. In particular, group work provided them
an opportunity to discuss mathematics with their peers. Carol commented that the
class as a whole developed a greater interest in mathematics. Student work habits
improved and assignmernits were completed more regularly. As well, some of her
weaker students showed marked improvement in achievement.

At the end of the study, during the second interview, Carol summuarized her
impressions of Interactive Teaching and the aspects she would continue usi ng.

[ like the idea of the review at the beginning of the class since | only sce my

students every other day. I like using concrete materials and teaching

mathematics with meaning. If anything else, students arc more interested in
hands-on materials. I will spend less time on taking up homework than [

did in the past. I like cooperative practice; the students worked more

efficiently, and liked mathematics more. In the past I did a lot of alking; |

will restrict the time I spend on lesson development and give my studenis
more practice time. 1 did enjoy using the model. Even though [ spent a



long time using it, you really need a full year to get a better idea of its
effectiveness.

Carol was troubled by the time constraints within the lesson format. Even
though she felt the guidelines were reasonable, she considered them restrictive and
limited her spontaneity, particuiarly in interacting with students. The non-routine
problems she discussed with her students every other lesson seldom took only ten
minutes to address. These problems, introduced during the cooperative practice
phase, she felt detracted from the time the students had to discuss mathematics
among themselves. In part, the difficulty Carol experienced with the time required
to address the non-routine problems was a function of the problems chosen. Some
problems were too large or to complex to limit to a fifteen-minute discussion.

D. Robert

During his participation in the study, Robert taught mathematics in the same
senior- high school as Carol. Robert had taught for nineteen years, the last seven
of which were at that school, teaching mathematics. Prior to his current
assignment, he had taught industrial education for twelve years. He has his B. Ed.
with specialization in industrial arts.

Robert has a reputation as an excellent mathematics teacher and has earned the
respect of his colleagues and students. He is conscientious and is demanding of
himself and his students. His lessons are consistently well prepared, and draw on
his experience in industrial arts 10 make mathematics relevant, particularly to those
students whose strengths lie outside mathematics. Students relate well to his style.

His classes are disciplined and hard working.
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Robert began using the Interactive Teaching Model with the introduction of
systems of equations and ended three months later with the completion of the
geomeltry unit.

Interactive Teaching was a significant departure from his regular classroom
routine. Before he implemented the model, Robert would routinely spend most of
each sixty-four minute period reviewing past work, taking up homework and
presenting new material.

It's very, very different. It's quite a departure for iae. | tend to

teach structured lessons spending a lot of time discussing material, giving

notes, working through examples and taking up homework. I tend to spend

a lot of time in developing concepts.

Robert prepared his Mathematics 23 students for the study prior to the first
iesson. Each student received a photocopied sheet outlining the expectations for
homework assignments, group work and evaluation. Homework was to be dated,
referenced, and corrected in ink next to the students' written work. The marks
students received for both units, systems of cquations, and geomeltry, were a blend
of the unit-test results, grades from selected homework questions , and in-class
group assignments.

At the start of the first lesson, students were assigned 1o their support groups
which remained the same throughout the study. Robert divided his class of twenty
students into five groups of four. Besides using the students' achievement scores,
groups were balanced by sex and personality. . Students who were naturai leaders
were placed in different groups, and no group had two students with attendance

problems.
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Iniually, Robert had reservations about the times recommended for the lesson
segments. After having taught the second lesson, he recorded the following in his
journal.

In order to thoroughly cover the content, and have active participation from

the class, fewer examples would have to be covered. Again, I had dif; ficulty

covering the content in 25 minutes. Should I be giving more of the content
and asking fewer questions in the lesson?

However, by the fifth lesson, he wrote,

I thought this lesson went very well. My timing was much better. The

group practice seemed to go well with only one individual who seemed to

hold back somewhat on group participation. Everyone seemed on task
throughout the class and there were no interruptions or distractions.

Each class began with oral work that related direcily to the day’s lesson.
Robert encouraged students to volunteer answers, and held individuals accountable
through directed questioning. By way of illustration, the following dialogue was
selected from a lesson dealing with surface area, volume and the application of
promernc formulas.

Robert writes 2A + 2B + 2C on the board.

Robert: "Is it GABC 2"

Student A: "No, the terms are added, not multiplied.”

Robert: "Is there any other way of writing the expression?"

Student B. "Two times A plus B plusC 2(A + B + Q)"

Robert: "What did he do?"

Student C: "He factored"

Robert writes: If A =7, B =3 and C= 2, evaluate"

Student D: "24"

Robert: "How would we key this into our calculators?



Each of the preceding concepts was key to students successfully dealing with the
material to be introduced that lesson.

During the first interview, at the completion of the first unit, Robert made the
following comments about starting his lessons with oral work.

I do like that quick start. I think at this point that's a beneficial thing. This

particular class doesn't have a probiem with amving on time. They're there

and they're ready to work. Oral work sets the tone for the class. The

review component of it is good. It's a bit of work for the teacher, ! think,

especially finding questions relevant to the lesson. | don't have any test

results to prove it's beneficial, but it's very logical to begin a lesson this

way.

Homework was handled efficiently in a variety of ways. Solutions to the
assigned work were regularly presented on the overhead or discussed from the
chalkboard. Occasionally, students checked their work from the solution key 1n the
textbook. Whenever possible student difficulties were dealt with at that tume,
Individual student problems, peculiar to one or two students, that could not be
addressed quickly were resolved on a one-to-one basis durning the cooperative
practice phase of the lesson. Students were held accountable for correctin g their
written work. Homework assignments were collected for grading.

Robert, during the study, assigned less homework than he had previously, in
part because students worked efficiently during the cooperative practice segment.
Because he assigned less homework, he was more selective in the quesuons he
assigned. Students were assigned more of the "typical" type to do on their own; he
challenged students by assigning the more difficult questions during group work
when students could collaborate on obtaining the solutions. As a result, homework

was completed successfully by most students. The only concern he expressed

about the "homework review" was the limited time he had for addressing student
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problems, since few students asked questions even when the opportunity arose later
in the class peniod.
Iniually, Robert spent considerable time in preparing lessons, in part because

the lesson structure was unfamiliar but primarily because he wanted to to do the

best job possible.

Definitely. The content is no problem; I am so familiar with the content that
[ can teach it off the top of my head. It's a lot more work, there's no doubt
about it.

[t's so structured and formal. My teaching background is in an
informal setting.

I now spend a long time in preparing examples, making sure that that
each example works out just right. Possibly because of my concern for
the job, I've been extra cautious.

Robert has a facility for teaching for meaning that reveals his philosophy
towards teaching and how students learn. Almost without exception, the examples
he chose for the lesson development related to the students' experience or prior
knowledge. Also, he displayed a natural ability in using concrete materials to
developing mathematical concepts. The following comments reflect his attitudes

towards developing student understanding through making mathematics relevant.

I have always taught for meaning; I guess it's my personal

phtlosophy. I've probably iold every class I've ever taught that if just
wanted them to spit back the information, I might as well be teaching a
bunch of robots. If they weren't asking 'why' then something's wrong.
Maybe it's because my background is teaching in a technical area or because
it's the way [ learn. I am blessed with a real good memory, but I've found if
[ don't understand something it's been to my detriment.

I would like to think that ultimately each and every student will acquire
an understanding of the reason why something works. | think that
understanding comes to different people in different ways. Some might have
to develop the skill first, then meaning. | think the ideal is if we would
understand the procedure first, and then acquire the skill to do it. But
meaning may come to some of these kids at a later date.



His enthusiasm for teaching for mastery through understanding is tempered
by the realization that, for some students, full understandi ng of mathemaucal
concepts or procedures develops over time. A mature perspective is dependent on
the student’s mathematical background and skiil level, and it may not be cither
appropriate or possible to teach for understanding in all instances.

The following vignette illustrates Robert's approach 1o m.aning. The lesson
in question dealt with the development of the formula for the volume of 4 prism:

V = Area of the base x height.

Wooden blocks, all of the same size (10cm x 4 cm X 3 cm), were distributed
1o each of the groups of four students. The groups were asked to draw grid lines
on each of the six sides of the biock, illustrating the surface area of cach face. Sce
Figure 3.

Figure 3. Surface area of a rectangular prism
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The students were then asked for the volume of the block. All the groups obtained
the same result, 120 cm3. When asked how -ey knew, the majority of the class
responded, " V =lwh = 10 x 4 x 3". When questioned why that formula worked,

one of the students suggested that that there were three fayers of 10 x 4 or 4 cm3.
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The fact that 10 x 4 or 40 was the area of the base of the block, led naturally to the
formula,
V = Area of the base x height.
V=10cmx4cm x3cm
=(I0cm x4 cm) x3 cm
=40 cm2 x 3 cm
= Area of base x height
This formula was then applied to find the volume of a tnangular prism, the
doorstop that was wedged under ‘iic lassroom door! The class then discussed
how the formula may be applic.. . icnever the base of the prism is not rectangular.

Figure 4. Triangular prism

22 cm 5.6 cm
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Except when non-routine problems were discussed, after the lesson
development was concluded and the students had an opportunity to resolve

difficulties during guided practice, the last twenty-five minutes of each class were



Spent in cooperative practice. During this time period the students worked
cooperatively in groups of four on exercises assi gned from their texts. The
composition of the groups remained the same throughout the twe units. In each of
the five classes I observed the students were involved in their work, the discussion
was on topic and the siudents were supportive.

After the first month Robert made the follow observations about his students’

and his impressions on group activity.

They have accepted this arrangement amazingly well; they did not
question it at all. I don't know whether it is blind faith or trust. I don't
know-Whether it's personality or what, but for the most part the kids have
been great; they seem to be giving it an honest effort.

There is the benefit of different approaciies o problem solving. There is
a certain amount of reinforcement that the kids ge: from one another. They
seem to be willing to help one another. They don't seem to see themselves as
onc ¢i the skilled individuals or one of ihe unskilled individuals. 7 hey work
together as a comfortable group. There hasn't been any resentment {rom tho
skilled individuals, that they are carryirg the others: if there ias | certainly
haven't heard about it. They secem ta get a fair bit done n that time period. |
find it a problem if we are doing a word problem that day; I find the time
period just too short.

By the end of the study, Robert's impressions of his students’ reaction to
both the cooperative learning activities, and the model in general, didn't chanyge.
I thought the students were sup=- about it, much to my surprize. Students
at this age are often relucta: it p:-icipants, but they were positive, willing to
go along with it. I heard orly < negative comment from a student
working together in the two months they worked on it. They seemed to
enjoy Math 23 as much as Viath 23 students can enjoy learning mathematics.
As reported in his journal, there were several occasions when the ten-minuic
process problems, which were tc be discussed every second class, were dropped

because Robert felt it would be p:ierable 1o extend the group work rather than

curtail it to accommodate the protiems Commenting at the conclusion of the
i g
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study, Robent felt thut une of the difficulties with the model were the iimes aljoued
for the lesson segments, and that inevitable distractions would throw him off
schedule, and to his regret, the one thing that was sacrificed was the problem-
solving activity.

Robert's overall impression of the Interactive teaching Model was positive.
He commented that his students were "much more active participants than in a
conventional lecture”. In particular, he felt ¢hat he would conunue the ten -minute
oral review and the strategies for handling homework, although he would not
necessarily hmit, as ngidly, the time allocated for addressing student difficulties on
assignments.

He intends 1o use group activities regularly, but not necessarily on a daiiy
basis because of content and curriculum constraints and the preparation time
necessary. He attributed the success of the group work to the unique nature of the
class. He considered his class was unusually receptive and positive.

Even though Robert considered the times recommended for the lesson
scgments reasonzble, he considered them confining, He weuld prefer more
flexibility 1n sctiing his own agenda for the class. Rather than spending ten-
minutes on a regular basis for problem solving, he felt that the problems should be
specitic to the content being covered and integrated within the lesson development.

The expenence of having planned sc: . : 1 lessons, made lesson preparaton
cusier, but 1t was stil! time consumire,

Trying o make 1t a cooperative lesson, with lots of exampies, applications,
maodetls, both in the lesson and in the practice takes time 1o do.
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At the end of the study his concluding comments follow.

Just the very fact that I went into this and said that I would do it, and because

1 had every intention of following through, caused me to look at some of the

things I had been doing in teaching math. i am going to look at how | prepare

lessons. I did benefit personally. It was a lot of work but I was gratified o

see that the students gained from it. I leamned a lot from 1t - & good return on

the investment.
E. Joan

Joan teaches mathematics in a large metropolitan semor-high sct Sl with over
two-thousand students from both moderatc and high socioeconomic communities.
At the time of the study, Joan was completing her twenty-ninth year of tcaching, the
last seventeen of which were in mathematics. She has taught Enghsh, music,
science, and mathematics to both junior and senior-high-school students.

With an undergraduate degree in science and a graduate degree 1n cducauon,
Joan is well qualified to teach both average and academicailv-oriented clisses. Joan
is conservative in outiook, and she demands a high standard of performance from
her students. Her classes are well-disciplined and strive 1o meet her expectations.
She teaches in a large classroom, decorated with numerous posters and well
supplied with additional textual and hands-on resourees.

Joan's class that participated in the studyv consisted of twenty-hive students
typical of Mathematics 23: cooperative and polite, but having (o be reminded  ubout
work habits and attendanice. Before the stirt of each class, she stood outside the
classroom door to greet her students as they entered, and to caution particulus
students on punctuality and attendance.

She delayed implementing the treatment because her students had taken longer

than expected to complete the preceding unit on lincar equations, material that is
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prerequisite o understanding systems of linear equations - the first unit in the
study.

For Joan, the treat .. .- was different from her regular classroom practice.
Prior 1o the study, si. . ot used oral work, often took much more time in
handling homework depending on the nature of studeat difficulties, did not follow a
set lesson format, and used group work only occasionally and then primarily for
student review.

Group work dunng cooperauve practice proved the greaiest hurdle for Joan.
Joan divided her class into four groups of four and one group of five. The groups
formed were heterogeneous by

l. Achievement: two average students, one high achiever and one low;

19

Sex: and,

Atlcidance factors.

O8]

The following entries from Joan's journal are representative of her
observations of the slow progress her class made in cooperative activities, both in
staying on task and actively contributing to the group. Joan made a concerted effort
to hold students accountable for group work by grading assignments selected from
one individual from cach group. She intended to vary from whom she selected
those assignments from lesson to lesson. However, she was frustrated by what
she viewed as less than satisfactory attendance. During cooperative practice, Joan
had wished to incorporate those clements of cooperative learning which foster
cooperation and mutual assistance and formulate pro-social skills- ensuring that
everyone participated and did not proceed until there was agreement and mutual

understanding.
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Week 2: Speed of effort in each group was better. Some extremely weak- so
confused they rzmain isolates. Two of the groups work extremely well
together, a third reasonably well. Some are too independent- know their
work and want to get it done; some reticent- too shy and unwilling 1o reveal
self. Feel they need teaching in group behaviour. There is enough to do. so
some with weak attendance go into themselves or are | gnored by others. |
have had to encourage the good students to sec that the weakest get going. 1
am finding that those that need a lot of information want me, and vet in somie
groups there is a definite free flow of information

Week 3: Reasonably good group work, Attendance sull a factor in order (o
get daily continuity. I am concerned that some are not concemned about their
group marks. Every lesson I try to take in assi gned work from different
group members. Attendance again is a consideration. Some are not even there
to share their results when it is given back.

By the end of the first month of the study, she was more posiuve in her
perception of cooperative activities. When interviewed about students’ working
together, she commented,

I can see if vou give them the proper training and skills it will work, but you
must guide them to werk together. Students give eauch other quick teedbuck
some Kids are very good at 1t. some aren't. I guess 1t depends on therr
personalities. Sometimes in a larger group a student with reallv weak skills is
reluctant to speak out, because other will hear and Judge, whereas 1n a sma!l
group that student is not scared to reveal himself. One girl has really opened
up in her group.

Disadvantages? Sometimes a kid who is really out of 1t- lack of
attendance or really weak skills- the group is under pressure o get work done
and doesn't want to spend the time with thoi individual; so I have to spend the
time with him. However, they have been using the time really cifecuvely.

Alter the end ui the second month, altheugh her overall reactuon to group
work was positive, Joar remained somewhat skepucal about its effectiveness for all
students. She wished to continue with group structures, but not on a daily bass.

Joan intended to alternate them with exercises the students would pracuce

independently, and wouid only use group activities for vanety 1n those lessons
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which she felt lent themselves naturally to that strategy. In those instances she
would insist on group accountability.
The success of group work lies in those instances when you could see that if
they were stumped, they would pool their resources. There are al ways
individuals who don't respond to a group, and [ think it's not for all students.
If they are at all a bit shy, or intimidated, or because of a lack of knowledge,
they don't want 1o expose themselves; a lot of teenagers are like that. Both

the students and the teacher need a lot of guidelines as to how to use it
cffectively.

Throughout the study, Joan devoted more time in preparning lessons than was

her habit.

I definitely spend more time, because I want to make sure it fits the model the
best that I can. Because of the limited time I have, sometimes | say to myself,
tf [ weren't doing it for someone else, I would cut more corners. I always get

a guilty feeling if I don't handle it the way it should be handled. | try to

follow 1t closely all the time.

The oral work, which Jcan introduced at the beginning of each of her lessons,
served two purposes: a review of concepts from the previous day’s lesson, and an
introduction to the new material to be taught that day. Occasionally, she would trv
to introduce a mouvating puzzle relevant to the unit under discussion. or a novel
approach to an old problem. As much as practical, within the limited time, she
involved the entire class in the discussion by distributing questions or calling for a
group response.

During the last lesson I observed her teach, she reviewed, during the oral
cxercise, the formulas for the area of a cvlinder and a parallelogram. She began by

holding up the cardboard cyvlinder from a roli of paper toweling. The class

discussed the formui~ for determining the area; measurements were made, and the



area calculated. Joan then unwound the rol] revealing that 1t had been, 1n the carly
stages of i1ts manufacture, a parallelogram.

Figure 5. The surface area of a cvlinder

Next the area of the roll was calculated using measurements of the basc and hel ght
of the parallelogram.

This exercise <erved not only as a review of formulas prey rousty mnroduced
but also as a convincing argument itlustrating an alternate geometrical representation
of a cylindrical surface.

Joan viewed oral work as one of the strengths of the Interactive Teaching and
intended to continue with this strategy after the conclusicn of the study.

I have been doing some thinking of how | can improve my oral work. I can

see where you could review previous concepts, just backtrack anvthing vou

felt like or even introduce a httle puzzie. The fact is it gets them just doing
something immediately; it gets their attention and focused on math a little
easier.

Immediately after the oral work, Joan reviewed the students’ homework from
the previous lesson. Initially, she displayed the worked solutions to the

assignments on the overhead. Because of the physical arrangement of the room, she

soon changed to writing the solutions on the side chalkboards before class. Only
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the solutions 1o one or two questions would be handled by whole-group
discussion. These question she identified either by a show of hands or during the
ume the students were correcting their work and she was monitoring their progres:.

Because Joan was concerned that some of her students were not completing
their homework, she began to regularly take in assignments for grading. The
students' marks on their assignments were included in their unit results.

During her second interview, she remarked the approach to homework she
used in this class was effective but ime consuming. She did consider it possible to
handle homework this way in all seven of her classes.

Before her participation in the study, she allowed time for students to work on
"homework" in class. Depending on how efficiently the students worked, many
did not have any work to complete after class. Afier introducing e modet, ner
assignments were shorter, but, in fact, her students were accomplishing more
outside of class. The questions Joan, as did the other treatment teachers, assi gned
for homework were of a straight-forward type that students should have had little
difficulty completing, since questions of a more exploratory nature were dealt with
during cooperative practice.

During the development segment of the lesson, Joan taught in a whole-group
seting. Joan used student questioning effectively to monitor understandin g and to
foster discussion. Whenever possible, she tried to incorporate real-world
applications, mathematical models to represent everyday situations , hands-on
matenals, and problem situations. Because her students were accustomed 1o a more

algonithmic and skills approach, and she found it diff-. i 10 come up with examples



appropriate to studenis of varying abilities, this strategy met with occastonal

resistance, even after the students’ first month on the program.

The amount of time (for my students) to think through (the matenal presented)
is phenomenal. We have to sacrifice some time on drill and practice- a
confidence builder for some, even if it does not necessanly develop student
understanding. I am not sure that some can or want to anal vze, or that the
emphasis on understanding gives them 2nough confidence to produce results.
Some of the weak students just sit back. Analysis has not been a way of Iifc
for most, it would appear.

During our first interview Joan emphasized the importance of sclecting

appropriate examples that match the skill level of the class, and the difficulty she

experienced in using them to develop mathematical understanding, particularly at

the beginning of a unit.

I'am not really convinced that (real-world) applicanons should be given
immediate attention (in the unit). They're fine if vou can {use them to)
illustrate a fact with some simplicity, Y ou have to pick vour spots for
applications very carefully. The tendency (i. e., before the study) s to
introduce them at the end of a unit. I am not totally convinced (of the

appropriateness of applications ) with this type of Kid, cspecially with the
limited time factor. I find it takes so much time in the devilopment secuon of
the lesson, that honestly, it has to be the focus for that dav. 1 find that the
applicaiions are fairly sophisticated in this unit (systems of equations) that the

students don't have sufficient general knowledge.

In spite of Joan's m'sgivings about applications, in cach of her lesson's she

made a concerted effort to emphasize meaning before developing skills though

guided practice. In the geometry unit, even the formula for the surfuce arca of a

cone was developed and discussed, rather than simply presented and pracuced.

The lesson was presented as follows.

Joan suggested to the class that 1t was possible to construct a a cone using

I ycircles cut from light card. The small circle, to be used 16 form the base of the

64
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cone, was 15 cm in radius; the larger circle, to be used to form the conical surface,
was 25 cm in radius.

Figure 6. The surface of a cone.

discarded
portion

Intnally, the classroom discussion centred on how high the cone would be, and
how the larger paper circle should be cut. To answer those questions Joan
skeiched the cone on the chalkboard as in Figure 6. The students suggested that the
vertical height could be determined by applying the Pythagorean theorem to the
nght tnangle formed by the slant height,s, the radius of the base, b, and the vertical
height, a. The result. 20 cm, was calculated as follows.
a2 + b2 =52
a2 + 152 =252

a2 + 225 =625

to

"

400,

[

and a = 20.
The class then determined the size of the sector which had to be cut from the
larger circle in order to form the cone. Students volunteered that the size of that

sector depended on the size of the smaller circle; the remaining arc of the larger
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circle had to complete the smaller circle's circumference. Next, Joan directed the
discussion by asking the students to calculate the circumference of each circle.
Circumference of the smaller circle = 2tr = 2 x 3,14 x 15 = 942 cm
Circumference of the larger circle = 21R = 2x 3.14 x 25 = |57 cm
Once the students had caiculated the circumference of each circle, Joan explained
that the arc remaining on the 'arger circle, after the sector was cut out, must be W42
cmn length. The next task for the class was to calculate the central angle of that
arc. Joan explained that if an arc length of 94.2 cm remained, because the
circumference of large circle of was 157 ¢m, the measure of the central angle
forming that arc length must be the same fraction of the degree measure of the
cuicle, 360°.

Figure 7. The sector of a circle which determines a cone.

942¢cm = o , where, ¢ = the centrai angle
157 cm 360°

p =216°
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The students determined that the sector that must be cut out is 360°-216° or 144°.
Joan then measured, cut and removed the required portion. The parts of the cone
were then taped together.

After the construction of the cone, the class discussed how the area of the
conical surface is related to the original area of the larger circle. The conical
surface must be related to the area of the large circle according to the same ratio
formed by comparing the arc of the large circle which now forms the circumference
of the cone to the original circumference of the large circle.

Areaof cone = Circumference of cone
Area of large circle  Circumference of large circle

Area of cone = 94.2 cin
7r(?.5)2 157 cm
Areaof cone = 1177.5 cm?2

Finally, Joan generalized from this example and developed the formuia for the
surface area of any cone. Students supplied the steps in the process.

Figure 8. The slant height and radius of a cone

= slant height
= radius of base

Arcaof cone = 2r
e
b 2ms
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Area of the conical surface = rs

The formula was verified by recalcuiating the surface urea for the cone given
in the example.

Area = nurs

=3.14x15x 25
= 1177.5cm2
Joan spent ten minutes on process problems every other lesson. These
problems were introduced between the lesson development and the group work
work during cooperative practice, and in some instances at the beginning of the
development. Occasionally, if she felt she would be pressed for time in a lesson,
the problem solving component was postponed until the following cluss.

At the conclusion of the study, Joan expressed her reservations about
handling problem solving within this framework. She also telt problem solving
should relate to the content being taught and should be handled duri ng the
development jtself.

I find that really hard. I takes a long tume to handle properly, Itis not just u

two or three minute thing, it takes ten or fifteen minutes, Some of the

problems I used weren't the best either. The ideal would be (o find the most
appropriate problem, putting it in the context of the unit. But problem solving
for a technique, some of students felt a bjt dry and it wasn't always obvious
to them why | was doing it. Consequently, there were days | taught problem
solving as the introductory part of the lesson.

Joan found the times recommended for the lesson segments constraining.

I find if the lesson goes well, vou can pretty well stick 1o it. But | find if they
have troubles with homework, and some days it would just show up - it
wasn't that many days- it really upsets the timeline. When it came 10 the
actual group work, well the development first of all... 1 find it wkes alotof

time and energy to get what you want out of them, and to try to put ideas



together. Not that it couldn’t be done, but ! find the times constraining, and
you have to finish the course.
When it came to the group work, and depending on the

groupings, some could whip through it quite readily, but others didn't. Some

group members, the 'non attenders' who couldn't participate that well, were a

drag. Some students felt they just had to get it done without waiting for

anybody.

In summary, Joan's perceptions of the Interactive Teaching were positive.
She likes the general format, the variety of instructional strategies, the introductory
activities - the oral work and the review of background material, and the emphasis
on group work. However, she does not intend to use cooperative practice on a
daily basis, but will restrict it to those lessons which lend themselves more readily
to its use.

Joan felt that some of the strategies for dealing with homework were
unrealistic - that taking in homework for grading limits the time she has for
preparation. Finaily, the recommended times for the lesson should be guidelines

only, because individual student needs can not be addressed adequately if the

teacher were to adhere to them rigidly.

F. Student Reactions

At the end of the study, three students from each class were selected, from
those who volunteered, to be interviewed. The teachers identified a hi gh achiever,
an average student, and a low achiever, to obtain a wider range of opinion. The
tollowing summarizes the reactions to the treatment of the nine students chosen

trom Carol's, Robert's and Joan's classes.
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The first question asked for the differences they observed in the way the
lessons were taught during the treatment as opposed to what had been done in class
prior to the study.

Table 1

Numbers of Students Identifving Differences in Treatment from Regular Classroom
Routine

Difference Carol's class Robert's Class Joan's Cluss

Lesson Organization

and Presentation 3 3 3
Group work 3 3 3
Homework 2 0 0
Review 2 ] 0

The following excerpts are representative of students' comments.

From Carol's class , a male student remarked,

Homework was checked so the students are motivated todoit. I find it hard
to do homework if it's not checked. It's nice to have a few minutes to work

on math in class. Group work was different.

From the same class a female student observed,

I felt I learned more because it was presented in more depth. More time was
spent on previous work; the review is more extensive now. The teacher spent

more time in answering questions students had. She didn’t use group work
in the past.

Two of Robert's students identified the following differences.



Every class we review. We work 1n partners which makes it easier to learn
and work out guestions.

I noticed more group work, and it's nice to see the class is on a
schedule. We do his stutf till 10:00, then we work on our own stuff in
groups.

One of the boy's from Joan's class remarked,

They are more organized than anything else. There is a better plan of attack,
the class works more efficiently. She did not use group work before.

When asked if those differences helped them learn mathematics, seven of the
nine agreed. Those seven students identified group activities and increased
teacher-student iateraction as the primary reasons.

From Rober:’s class. a female student observed that group activities reduced
the feeling of risk and encouraged “.er to participate in mathematical discussion.

It helped me in a way to understand math.matics more. In my group i'm not

afraid to answer questions. The wuole class won't laugh at me, just the other

members of the group.

From Carol's class siudents observed toth an increase 1n student-student and
student-teacher interaction.

Yes, I came from Math 20. Here the teacher takes more time 10 explain

mathematics. She assists us more when we need the help. Not as much ume

was taken on homework; so iow there's more time on teaching.

[t helped e | learn more when my friends show me. than when the tcacher
does sometimes,

The seven students who felt they lcarncd more mathemauiics Jduring the swdy .
weie al enthusiasuc about group ucuvities. They cited as reasons: reduced risk.
.

self esteem, motivation to Jdo mathemaucs, immediate teedbuck. the desire 1o assist

others and exposure todiffere  upproaches to mathematcs.
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Two of Joan's students felt more comfortzble in seeking help trom therr

peers.

I think group work is better. Different students have diiferent ways of doing
mathematics, so they can explain it to you. And ! iike to help other students
sometimes. We do quite a bit of work in our group.

Carol's students identified the following benefits of group work: an increased
interest in and appreciation of mathematics, immediate feedback, exposure 1o

alternate approaches and an enhanced classroom climate.

At first it's embarrassing. It was hard to get 1o know the other people, but
then it got easier. Some of the students get better marks, <o they can help
vou. It's easier tG relate on a student-to-student basis.

[ always used o like to work on my own, but now it's nice to lean over

and talk to others about mathemaucs without getting velied ut. And yvou don't

have 1o run up to the teacher ali the time: usually someone knows the answer,
I find it an advantage. You have another person's approuch 1o a

problem; you have another person's Knowiedge. | felt really good working

with vther studenis.

I'enjoyv it. It's fun. You can help other people when thev're stuck. | iike
group work; it makes it easier for me to learn. It makes math more
interesting. iU's nice to have a mix of kids in the groups. I love math now.
A girl from Robert's class summarnized 1t well.
I eel more comiorwble. | don't feel as inferor as T would 1 ot of
tcacher. I feel really dumb ruising my hand all the nme. | behiey e other
students teel the sume way., We are learming 1rom cach other U just casier
[t teels wondertul to help them, because vou know something. We do cach
quesuon at the same time and help each Gther when wo're stuck.
The two ~tudents who were not as posiuve idesatied lack of discussion @nd
madequate attendance of group members as detracting from the etfecuy eness

From Joan's class a better siudent had misgrvings about the exira work he felt

he had 10 do because s e group members were poor attenders.

~1
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Group work 1sn't too bad, but vou should be able to chose vour groups, I'm
stuck with people who aren't there all the time. I end up doing the brunt of
the work. [t should be a group of two or you shouldn't be justin your own
group alf the time. You need to interact with everyone in the class.

Seven of the students were convinced they were accomplishing more in class;

however, two of Joan's students reacted negativelv.
g )

The work itself is harder. We have been doing basically the same amount; 1t's
Just that it's harder so we ha ¢ been doing more thinking.

We are getting more thrown at us,

From Carol and Robert's classes the {ol'ow:.e reazions were ypieal.

Yes, but I don't know why. Now I want to do my work. I feel more
motvated to get things done.

Yes, I have been doing more m class and at home. The material 1s easier (o
understand. [ enjoy math now.

When the students were asked whether they were completing their homew ork
assignments, all the students indicated they were either compieung theirr homework
or doing more than they had done in the past. The principal reasons given were
crther Secnaie they wished to improve or maintain their grades or because they
found the course content easier 10 understand.

Stnee we started this, yes. | don't want to get busted. My marks started
gomng down when we started. then I thought I'd beticr start domngat

Yes | have. Basically because I know what I'm doing now. It doesn't cause

me any stress. so | get down to 1t nght away.

Five of the nine students ftelt the material taught in the two units of the study
was casier (o understand than the content tuught previously. These students gave

the tollowing reasons:



1. The greater depth oi reatment oI content,

2. Immiediate feedback in group work,
3. Quality of teacher explanations,

4. Consistent review, and,

5. Real-world examples.

Disappointingiy, in spite of the teachers’ emphasis on apphcauons, exampices
drawn from daily expenence, and the use of concrete materials, students did no
change their views on the immediate usefulness of mathematics. CONSCASUS W it
that mathematics is relevant only in terms of possible future careers or 1n post-

secondary education.

G. Summary

For all three teachers who fully implemented Interacuve Teaching in then
classes, the model represented a marked departure from their clussioom roulnes
Typically, prior 1o implementation, lessons would begin with a discussion of
difficulties ansing from that part of the assigned work students had not mpleted
in class. The ttme spent on this actvity vaned considerabiyv, dependimg on the
number and iypes of questions which arose. The cachers approached the
homework discussion through a question-and-answer approach, first quenanyg the

students who raised the question, then secking resolution hy wsking those students

who successfully completed the assignment to supply a parual or complete solution.

This approach was often unsatisfactory, since it did not cmphasize student
accountability and encouraged students (o neglect homework as solutions to

uncompleted questions were provided the following lesson. As well, the



productve ume remaining in the lesson to discuss new concepts was limited. Itis
4 moot pomnt 1f the majority benefited, as betier students were bored by the process,
and weaker students were occasionally reticent in admitting in front of the class that
they could not cope with the material or did not understand the explanations.

During implementation. the treatment teachers restricted their discussion of the
previous day's homework , as they began their lessons with oral work, a review of
the previous lesson's skills and knowledge, and a homework check which were
limited to a total of ten minutes. Strategies the teachers used in dealing with
homework included displaving worked solutions on the overhead or on a side
board and having the students revise their own work, having the students correct
Hicsr ewn work from the textbook answer key, collecting assigr.ed work, and
hus resvork quizzes compnised of questions selected at random from previous
asstgements and with the <olutions transeribed direct!y By the students Srum their
workbooks. Regardless of the approach the weacher used, the students were held
accountable, with homework graded «nd included in unit grades. The treatment
teachers reported that their students were now completing assignments, and that
they preferred thus approach in spite of the additional preparation, al though thev
nere noteertain they would have the energy to continue it indefinitely and with all
their classes: and, that it worked, in part, because they restricted assignments 1o
what they felt students could successtully complete in fifteen minutes, and 1o
quesuons of a routine nature. More difticult questions were addresscd during
cooperative practice.

The oral work duriig the introductory segment of the lesson evolved during

the course of the study. The questions the treatment teachers asked their students



became a combinauon of those which reviewed prerequisite concepts and lead
naturally to an introduction to the day's lesson. The teachers found beginning the
lesson with oral work quickly focused the students’ attention on mathematies, and
by distributing the questions throughout the room enhanced the aclive participatuon
of the class.

The lesson development was conducted 113 4 whole class sctung. After the
lesson's objective was stated, the teucher lead discussicn of the new content
through active quesuo: 2 and skill developmant was monitored and rernforced
through controlied practice. The treatment eachers interpreted teaching tor meaning
using the following strategies:

I Incorporating real-world examples and example: “enved irom the students’

every-day expenences
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Approaching problem situations trom alternate perspectives;
3. Using concrete matenals: and,
4. Mathemaucal proot.

This segment of the lesson wok the most preparation, since the examples the
treatment teachers designed were ot typical of those that could be thougit o
extemporaneously. It was the time guideline of twenty-five minutes tor thrs
segment that the teachers tound most contiming. Non-routine or non-ale - rithmic
examples, by their nature. are time consuming. Furthermore, 1n their ettort 1o
foster student understanding, they would have preferred that the lesson
development was longer. Also, some topics in senior-high mathematics simply

require more time ' address adequately.

-—



Immediately after the lesson development, the stude .; moved into groups of
four for the cooperative practice phase of the lesson. The treatment teachers kept
the same groups throughout the study, except in the cases where new students were
added to tne classes. The critena the teachers used in assigning students to groups
follow.

. Achievement. Each group ccasisted of one high achiever, one tow achiever,
and two "average" student-

2. Sex. The groups were - - 5.t be' :en male and female students.

3. Anendaznce. Attemipts we:e -+ that no group contained more than one poor
at.c.
R TR O

-

.. three treatment teachers remarked that implementing cooperative practce
was a positive expenence both for themselves and their students. Students readiiv
ook 1o group activity; they actively participated in group discussion, exchanged
approaches, offered ~<wstance to their peers, and accomplished more in this setung
than when working individually.

In parncular, students identified studens-to-student interaction as mouvating,
reducing nisk, enhancing self esteem, providing immediate feedback, providing the
opportunity to postuvely imteract with others, and to view alternate perspeclives.

The success of group work, in part, was due 1o the classreom management of
the weachers. They continually monitored the groups insisting students stay on task,
collected and graded work, and offered assistance and encouragement when

reguired.

~1
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In spite of the apparent success of cooperauve practice, the trcatment eachers
felt that at the conclusion of the study. they would prefer alternatung group and
individual activities. Their reservations arose primanly *scause of the preparation
time required 1o structure suitable group activity. the effect of absc atccism of
several ¢ 1dents on the continuity of the groups, the feeling that indivr fuai effort
must also be encouraged and rewarded, the iack of time 1f the devels pment
segment was lengthy, and the fact that it was difficult o set aside traditional
classroom practice.

The non-routine groblem solving was the least successtully implemented
feature of the model. ™ he onginal intent was o introduce dunng cvery other
lesson, a novel problem , preferably related to the content, to be solved within wen
minutes interactivety through teacher-lesd diseussion mmmediately privr Lo the
cooperative segment. Teachers either s nore time than suggesicd on the
problem, or simply omitted 1t altogether feeling that more would be guined by

having students pructice the skills and concent

pts tanght during the lesson. Also,

because of 1ts position within the lesson, it interiered with group work. Other
considerations were the sense of artificiality e teachers experienceed in
introducing a problem atter the lesson was taught, and the ditficuliv in selecuny a
problem relevant to the lesson that could be satisfactonly discused in ten minutes.
Based on teacher comments, it may be better 10 imbed problem-se Aving
situations within the development segment, introducing problems when
approprale, and those which arise directly from the lesson contzat. In this
situation, teacher-lead discussion can focus on process, applicable strategies, and

alternate points of view.



H. Maodified Model
As aresult of the teachers' apd students' critiques, comments and experiences
outlined in this chapter, a modificd lesson format is now proposed.
PRINCIPLES OF INTERACTIVE TEATHING

DAILY REVIEW AND HOMEWORK CHECK - 10 minutes
* Begin with oral work that reviews and reinforces previous lesson's skills
and knowledge and sets the scene for the day’s lesson
* Deal with homework

DEVELOPMENT - 25 minutes
* Place concept to be taught tn context of past knowledge and future
protlems
* Emphasizc meaning
* Introduce novel problems, when appropriate, (o underscore process.
* onitor student understanding through active questuoning
* Keinforce concept through controlled practice

COOPERATIVE PRACTICE/INDIVIDUAL PRACTICE- 25 minutes
* Provide oppontunitics in aliemnaic fessoils fur group and individoa
practice.
* Provide opportunity for successful practice
* Include word problems and applications related 1o the lesson.
* As.un more difficult questions in this segment rather than for homework
lo el dvantage of peer and teacher support.

* Er 2z active group discussion
* Keen o viduals accountable
HOMEWORK

* Assign homework relevant to lesson
* Ensure that the questions assigned can be completed successfully by the
majority of students working independently
* Include areview question.
Begin each lesson with the ten-minute Daily Review and Homework Check

to tocus students' attention immediately on mathematics. Use oral work to

1. Engage the majority of students in dialogue,

tJ

. Review the previous lesson,

3. Reinforce prerequisite skills, and
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4. Introduce the lesson topic.

Limit the time spent in addressing problems trom the previous lesson's
homework assignment to maintain stuJdent interest and lesson momentum.  Vary
strategies for taking up assignments. iZestrict discussion to problems experienced
by the majority of the class. Keep students accountable for assigned work.

During the lesson development, emphasize meantng through the use of real-
world examples, alternate perspectives, conerete materials, and mathemateal
proof. Problem solving strategics and process problems should be mtegrated
within the lesson content, and should be related to the lesson's theme.

Because the lesson content is developed through whoie-group discussion,
students should be kept accountable through dmely quesuoning. During the
controlled p.actice phase, whole group discussion and individual practice should
alternate to optimize individual effort and to enhance the cifectiveness of teacher-
student interaction.

The fast twenty-five minutes of the lesson is devoted 1o developing skills and
understanding through eith~r individual or cooperative nractice. As much us
practical, the teacher should provide opportunitics perative practice every
other lesson. Certain topics lend themseves to group work.

Groups of four should be maintined for at least the duration of the unit under
discussion, to promote positive group dynarﬁics and foster producuve student-
student interaction. Encourage active participation by all all group members; hold
both groups and individuals accountable for work assigned. As well, when
assigning students to their groups. keep the groups heterogencous by ability,

personality, sex, and ethnic or racial background.
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More difficult questicns should be assigned during the cooperative practice
segment, allowing students tc assist each other in resolving problems or to seek
help from the teacher. Homework assignments should be kept short and the
quesuons assigred simple, to reduce student frustration when neither teacher nor
peer help is available.

The umes for cach lesson segment are receinmendations only and the teacher

should remain tlexible, depending on student or lesson needs.



Chapter VI - Quanutative Results

A. Overview

The quanutative data for the study were obtained over a sixteen week period
during the second semester of the school year. The results presented in this
chapter are based on classroom observations, pre- and pust- festing, and atutude
questionnaires from e’ tht Mathematics 23 classes- tour in the treatment group and
four in the control group. These classes were taught by four teachers who
volunteered to use the Interactive Teaching Model in their classes, and by thice
teachers who cont.  ..d 10 use their classroom routines. Each of the teachers, as
mentioned previously, taughtm ' - ticsin large urban senior-high schools
serving largely middle-class neiy ©ods. All were experiencad teachers with
at least one undergraduate degree.

Three research questions will be addressed in thiz <hapter:
1. To what extent did the treatment teachers implement the Interactive Teaching
Model, and were they doing something different from the control teachers”?
2. Did the treatment classes achieve higher on the post-tests than the controi
classes?
3. Did the Interactive Teaching Model affect students' attitude 1o learminy

&

mathematics?

R Classroom Observation
Before the study, each of the seven partici paung teachers was observed twice
while they were teaching their Mathematics 23 classes. The purpose of those

observations was to verify that neither the four treatment teachers nor the three



control teachers were using the elements of the Interactive Teaching Model in their
classroom instruction prior to the implementation of the study.

In the implementation phase of the study, cach of the treatment ciasses was
observed five times, during weeks one, two, and four of the first unit - svstems of
cquations - and during weeks two and four of the second unit - geometry. Each of
the control teachers was observed a further two times, once teaching systems of’
cquations and once teaching geometry. Because not all the teachers had covered the
introductory material for the unit on systems of equations by the end of the first
semester, in order to adhere to the above schedule, the classroom observation phase
of the study was extended from mid February through mid May.

As well as wKing notes on the ciassroom instruchon, during each of the
classroom vbservations, also recorded were the times the classes spent on oral
work, review, homework, lesscn development, and cooperalive practice, and, at
the end of each lesson, the length of time, based on teacher estimates, students
would be required to complete homework assigned.

Each of the lesson segmenis was scored on a four-point implementation
scale. according to the extent each matched the expectations of the Interactive
Teaching Model.

Implementation Scale

0O Not attempted
I Some impiementation

2 Implementation Incomplete

9%

Fully implemented
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At the end of each lesson, the extent to which the ¢ had attempted o0
develop student understanding through combinations ¢ ked exam e, real-
world applications, concrete materials, and altemnate - -.. pretations was scored on a

meaning scale.

Meaning Scale

0 Not attempted

I Some attempt

2 Attempted but not compiete

3 Completed effectively

Tables 2 and 3 summarize the data obtained from the two prchiminary
observations of the treatment teachers. None of the treatment teachers used cither
oral work or cooperative practice in their classrooms. Both in terms of the times
spent on lesson segments and the results from the implementation scales, the
Interactive Teaching Model represented a clear departure from their traditional
classroom practice.

For all but Teacher D, the total time spent on review and dealing with
homework exceeded the ten-minute guideline in the Interactive Teaching Model.
Teacher A averaged 29 minutes; Teacher B, 12 minutes; and Teacher C, 14.5.

On ine fraplementation Scales for Review, Flomework, and Lesson

zveopment, before implementing the Interactive Teaching Modci 1n therr
ciassiooms, all the treatment teachers received average raungs between "Not
attempted” and "Attempted but not complete”. This was also true for The Mecaning
Scale, except for Teacher A, who structured his lessons around the development of

student understanding and meaning activities.



Table 2

Time (in Minutes) Spent on Each Lesson Segment by Treatment Teachers belore
Implementation of Model - Two L_essons Observed

Teacher Oral Review Home- Develop- Cooperaiive Homework

Work work ment Practice Assigned
A
X 0 12.5 16.5 20.0 0 250
Rge 0 25.0 13.0 10.0 0 350
B
X 0 12.0 0 28.5 0 30.0
Rge 0 20.0 0 1.0 O 30.0
C
X 0O 9.0 55 22.0 0 0
Rge 0 18.0 1t.0 100 0 0
D
X X 0 12.0 0 20.0 0 75
Rge 0 5.0 0 40.0 0 15.0
Table 3

Implemeniation Scales for Each Lesson Segment for Treatment Teachers ¢-lore
Impiementation of Model - Two [ essons Observed

Teacher Oral Review Home- Develop- Cooperative Meuning
Work work ment Practice
A
X 0 0 i 1.5 0 2.5
Rge 0 0 0 1 G 1
B
X 0 ! 0 1 0 I
Rge 0 2 0 0 0 0
C
X 0 0.5 0.5 1 0
Rge 0 1 1 0 0 0
“y
X 0 0.5 0 0.5 O 0.5
Rge 0 1 0 1 0 !




Tables 4and 5 illustrate the classroom practice of the three control teachers
based on all four classroom visits to each teacher. Even though the control teachers
did not use the Interactive Teaching Model in their classrcoms, each teacher was
cc petent, experienced, respected, and well qualified to teach mathematics.

1 “e control teachers varied from day-to-day in their classroom activities;
however, most classes they taught began with a discussion of previously assigned
work, followed by an algorithmic approach to the lesson development, and ended
with time for in-class independent practice. Those students who did not finish their
assignments within the class were expected to complete them as homework.

None of the control teachers used oral work or cooperative practice in their
teaching. On the Implementation Scales for Review, Homework, Development, and
Mecaning the control teachers were rated between "Not attempted” and "Attempted

but not complete”.

Table 4

Time (in Minutes) Spent on Each Lesson Segment bv Control Teachers - Four
I _essons Observed

Teacher Oral Review  Home- Develop- Cooperative Homework
Work work ment Practice  Assigned
E
X O 0.25 8 20.75 0 10
Rge 0 1.00 7 7.00 0 30
F
X 0 17.5 0 47.50 0 20
Rge 0 9.0 0 22.00 0 30
G
X 0 9.0 5 23.25 0 7.5
Rge 0 180 10 27.00 0 30.0




Table 5

Implementation Scale for Each I esson Segment for Control Teachers - Four
Lessons Observed

Teacher Oral Review Home- Develop- Cooperative Meaning
Work work ment Practice
E
X 0 0.5 1.5 1.25 0 1.5
Rge 0 2 1 2 0 1
F
X 0 0.5 0 0.75 0 1
Rge 0 1 0 1 0
G
X 0 0.5 1.25 1.0 O
Rge 0 1 2 0 0 0

Tabies 6 and 7 illustrate the classroom practice of the four treatment

teachers during the implementation phase of the study. Three of the four treatment

teachers fully implemented the Interactive Teaching Model.

Table 6

Times (in Minutes) Spent on Each Lesson Segment by Treatment Teachers - Five
Lessons Observed

Teacher Oral Review Home- Develop- Cooperative Homecwork
Work work ment Practice  Assigned
A
X 6.8 3.6 2.8 23.6 18.6 16
Rge 7 10 5 15 11 5
B
X 4.4 2.6 3.6 28 23 15
Rge 7 S 7 10 4 30
C
X 52 2.8 4 22 277 16
Rge 7 6 5 17 11 10
D
X 6.8 3.6 1.8 17.8 22.6 11
Rge 16 10 6

30 22 20
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Table 7

Implementation Scale for Each I esson Seyu.int for Treatment Teachers - Five
Lessons Observed

Teacher Oral Review Home- Devclop- Cooperative Meaning
Work work ment Practice
A*
X 2.6 2.2 2.4 2.8 2.4 3.0
Rge 1 3 3 1 1 0
B*
X 1.8 1.8 24 2.6 24 2.0
Rge 3 3 3 1 1 0
C*
X 2.4 2.4 2.0 2.8 24 2.4
Rge 2 3 0 1 0
D
X 1.4 1.0 0.4 0.8 2.0 0.8
Rge 2 2 1 2 2 1

Note: * represents the treatment teachers considered implementers.

All four treatment tzachers structured their lessons closely to the
recommended times for the Daily Review and Homework Check (10 minutes),
Development {25 minutes) and Cooperative Practice (25 minutes). However, on
the Implementation Scales for on Homework, Development, Meaning, and
Cooperative Practice, only Teachers A, B and C were rated between "Attempted
but not complete" and "Completed effectively". Teacher D on all but the
Cooperative Practice Implementation Scale lay between "Not attempted” and
" Attempted but not complete". Therefore only Teachers A, B, and C are considered
as having implemented the Interactive Teaching Model.

Table 8 demonstrates the differences among the treaiment teachers,

implementers, and control teachers based on the Implementation Scales.



Table 8

Cooaparison between Treatment and Control Teachers on Implementatton Scales

Group Oral Review Home-

Develop- Cooperative Meaning
Work. work ment Practice

Treatment (4) ,

X 205 1.85 1.80 2.1C 2.35 2.05

S. D. 095 1.23 1.24 0.97 .59 0.89
Implementers (3)

X 227 213 227 2.53 2.47 2.47

S. D. 0.88 1.25 1.02 0.56 .51 0.51
Controi (3)

X 000 Q.50 0.92 1.00 0.00 1.i7

S. D. 0.0C 0.67 0.90 0.60 0.00 o012

Teachers A, B, and C implemented the Interactive Teaching Model. Prior o
using the treatment in their classes, on the {inpiementation Scales for Oral Work,
Review, Homework, Development, Meaning, and Cooperative Practice, those
teachers' ratings ranged between "Not attempted” and "Atiempted but not
complete”. After implementing the treatment, Teachers A, B, and C were rated on
the same scales betweer "Attempted but not complete” and "Completed effectively™.
The implementers had not used cooperative nractice or oral work as part of their
daily routine prior to using the model.

The control teachers did not change their classroom practice during the study.
None used oral work or cooperative practice as defined in the model. On the
Implementation Scales for Review, Homework, Development, and Mcaning, their

classroom practice was rated, on average, between "Not attempted” and "Attcmpted

but not complete”
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C. Test Results

This section addresses the question of achievement differences between
students in the treatment and control groups.

At the beginning of the study, a thirty-item multiple-choice survey tesi was
administered to the four treatiuent and the four control classes. The intent of this
pre test was to determine the equivalence, if any, of the controi and treatment
groups. The items on the pretest were based on the Mathematics 23 course of
studies (Alberta Education, 1990), and reflected the matenal the students were
taught prior to systems of equations and geometry - the two units taught using the
Interactive Teaching Model.

At the end of each of those units, thirty-item multiple-choice post tesis were
administered to both groups. Again ail iiems were based on the Mathematics 23
course of studies (Alberta Education 1990).

To ensure that students who withdrew from or were added to the teachers’
classes did not bias the results, only students who wrote all three exams were
included in the results.

Tables 9 and 10 compare the performance of the treatment group, the group of
students whose teachers (Teachers A, B, and C) implemented the maodel, and the
control group on three tests: a survey test, the test on systems of equations and the
geometry test. To balance numbers of students between the two groups, two

classes of control Teacher F were tested.
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Table 9

Performance of Treatment and Control Classes on Pre and Post Tests

Class N Survey Systems Geomelry
X S.D. X S.D X S.D.
Treatment
Teacher A 18 13.44 5.03 16.17 3.76 19.67 4.56
Teacher B 20 12.20 4.02 14.45 2.56 1595 4.86
Teacher C 24 10.54 3.40 11.33 2.20 11.96 3.22
Teacher D 22 11.05 3.8l 11.14 3.81 14.18 3.71
Control
Teacher E 23 1422 436 13.48 4.10 1470 4.19
Teacher F 16 1094 4.84 11.25 3.61 13.63 4.61
Teacher F 1t 1191 5.21 6.55 3.21 16.00 6.26
Teacher G 16 9.19 4.15 10.25 2.96 11.25 3.00

Note: Teacher F had two classes

Table 10

Performance of Treatment and Control Groups dn Pre and Post T¢ses

Group N Survey Systems Geometry
X S.D X S.D. X G8.D.
Treatment 84 11.69 4.12 13.06 3.42 15.14 4.88
Implementers 62 11.92 4.23 13.74 3.46 15.48 5.21
Control 66 11.82 4.89 11.50 3.84 13.82 4.65

Note: Implementers = Teachers A, B, and C.

Unpairzd t-tests were employed to determine the significance ol the
differences beiwezn the means of the implementer and control groups on all three
tests. Table 11 supports the null hypothesis that, on the basis of the prelest scores,

there was no difference between the mean performance of those two groups of

students.
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Table 11

A Comparison of Survey (Pre-test) Scores for Implementer and Control Groups

Group N Mean S.D. t Prob (2 tail)
Implementer 62 11.92 4.23

0.125 0.9009
Control 66 11.82 4.89

The students in the classes of the three teachers who implemented the
treatment outperformed the control students on both post-1ests, as shown in Tables
12 and 13. On the systems exam, the difference between the means is significant
beyond the 0.01 level. However, for the geometry exam, based on a two-tailed t-
test of significance, the null hypothesis can not be rejected at the 0.0S level. The
probability that the differences between the two means is due to chance is 5.86%.
if the reader accepts, on the basis of the first post-iest resuls, that the treatment
does not adversely affect student performance, then a one-tailed t-test of
significance would be justified. In this instance the difference between the means
of the twa groups would be significant at the 0.05 level {p < 0.0253).

Table 12

A Comparison of Systems (Post-test) Scores for Implementer and Control Groups

Group N Mean S. D t Prob (2 tail)

Implemenier 62 13.74 3.46

3.463 0.0007
Control 66 11.50 3.84




Table 13
A Comparison of Geometrv (Post-test) Scores for Implementer and Control Groups
Group N Nean S.D. t Prob (2 tul)
Implementer 62 15.48 5.22
1.909 0.0586
Control 66 13.82 4.64

In summsav, -he Implementers' students outperiormed the Controls' students
on both sy<lerii .« equations and geometrv. Two control teachers, representing
three classes of students, spent at le;ue (5 nad 4 conger in teaching the geometry
unit than did the treatment teachers. It is possible that the performance of their
students would not have been as high had the length of time they had spent in
teaching that unit been the same as for the treatment teachers. If this study were to
be repeated, the time allocations for both groups should be the sume.

D. Attitude Questionnaire

This section addresses the issue of attitude differences to mathematics, if
any,between students from the control and treatment groups.

At the end of the study, a twenty-five item Likert-style student questionnaire
was administered to all students in both the treatment and control classes.  Each
item consisted of a statement followed by four possibie levels of agreement. Each
item was scored from 1 to 4 on the following basis:

Never = 1, Seldom = 2, Ofien = 3, and Always = 4.
A factor analysis on the total set of data was carried out; the orthogonal

transformation solution appears in the appendix. Eight factors werc obtained from
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combinations of those items on the questionnaire which were most closely related.
Table 14 outlines those factors, the items which comprise them, and, from those
items, the themes which were inferred.

Table 14

Eactors Obtained from Attitude Questionnaire

Factor Description Questionnaire Items
i Interest in mathematics 2 5 13 14 20
2 Cooperation 6 7 8
3 Teacher Dependence 11 12
4 Homework and Relevance i 23
of Mathematics
5 Task Orientation 15 22 24 25
6 Teacher Assistance 9 10
7 Independence 18 19
8 Perception towards 3 4 16 17 21
Problem Solving and
Doing Mathematics

A two-tailed t-test was performed on each factor to identty those factors tor
which the means between the implementer and control groups differed signif icantly
at the 0.05 level. For each of the eight factors there was no significant difference
between the two groups. That there were no differences between the two groups
might be attnibuted to the students answering the questionnaire accordingto whether
they liked the subject or teacher rather than the method of nstruction.

Figure 9 and Table 15 summarize the results of the questionnaire.
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Figure 9 . Student attitude results

20-1
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interest

Table 15
Mean Student Atiiiude Scores for Implementer and Control Groups

# Control

Teacher Dapq'n'd "T)

Cooperalion

Homework

Teacher ﬂuistinta .

Task 0riantuﬂ i_

B Treatment

Problem $al

Factor Implementer Control Touwl
(N = 60) (N = 69) Possible Score

1. Interest in 13.40 12.80 20
Mathematics

2. Cooperation 8.43 3.49 12

3. Teacher 498 5.20 8
Dependence

4. Homework and 5.48 5.52 8
Relevance of Math

5. Task Orientation 9.17 8.88 16

6. Teacher Assistance 6.90 6.75 &8

7. Independence 6.11 5.93 8

8. Problem Solving and 16.03 15.49 20

Doing Mathematic
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The implementers' students responded more positively towards being on task,
being assisted by the teacher, working independently, seeing mathematics and
problem solving as important, and showed a higher 1nterest in mathematics. The
control te.=hers' students, on the other hand, indicated a higher importance on
working cooperatively with other students, dependence on the teacher, and the
importance of homework. These differences, however, can not be held as
significant, and we can only speculate at best whether these differences can be
ascribed to the treatment.

E. Summary

Based on the analysis in this chapter, three of the four treatment teachers
teachers implemented the Interactive Teaching Model. Their implementation was a
significant departure from their regular classroom routine and differed as well from
the control teachers in the areas of cooperative practice, oral work, homework,
review, development and teaching for meaning.

On the post-tests, the treatment favoured the implementauon groups for both
units- systems of equations and geometry . The difference between the
implementer group and the contrcl group was significant at the 0.05 level.

On the attitude scale there was no significant difference between the two
groups at the 0.05 level. However, the means for the following factors - Interest in
Mathematics, Task Orientation, Teacher Assistance, Independence, and Problem
Solving were higher for the implementer group. The control teachers students were
more positive towards Homework, Teacher [Dependence, and Cooperation among

students.
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Chapter V!l - Conclusions
A. Review of the Problem

The purpose of the siudy was to determine the appropriateness of an
instructional model designed for effective senior-high mathemaltics instruction.
The study involved four phases.

1. The development of the model;

2. The model's implementation and interpretation by classroom teachers;
3. The testing for achievement gains; and,

4. The analysis of student attitudes towards mathematics..

This model is an adaptation of the Missouri Mathematics Program desciioed
by Good, Grouws, and Ebmeier in Active Mathematics Teaching (1983). The
Interactive Teaching Model also incorporates cooperative-learning activities in the
monitored seatwork segment of the lesson.

The study was conducted over a four and one-half month period in five large
<~nior-high schools, serving middle class neighbourhoods located in a large
metropolitan area in Western Canada. Four experienced senior-high mathematics
teachers participated in the treatment group and three teachers in the control group.
Two units of study, systems of equations and geometry, based on the provincial
course of studies, were taught to a total sample of eight Mathcmaties 23 classes,
involving over one hundred fifty siudents. Four classes paiucipated in the
treatment group, and four in the control group. Mathematics 23 is a grade-cleven
mathematics program of studies designed for students of average mathematcal

ability.
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Data were collected through classroom observation, teacher and student

interviews, teacher journals, pre- and post-iesing, and student questionnaires

B. The Interactive Teaching Model

The Model, designed for lessons taught during a sixty-four minute period
involved a ten-minute daily review and homework check, a twenty-five minute
lesson development, and twenty-five minutes of group work (cooperative practice)
during the monitored practice phase.

The lesson development, taught in a whole-group setting, emphasized
developing student understanding hrougis aviive questioning, and the use of
concrete materials, real-world examples, and mathematical models. Controlled
practice reinforced the skills and concepts taught.

During the cooperative practice segmeilt, students werked tn groups of four
on practice exercises.

Every second lesson, non-routine process problems were introduced, to be

discussed cither in whole group setting or during cooperative practice.

C. Principles of Interactive Teaching

The Interacti ve Teaching Model represented a marked departure from the
regular classroom routines of all four treatment teachers. Prior to implementing the
Model. the treatment teachers' classroom practice varied from lesson 1o lesson.
The general format that the treatment teachers followed and control teachers
continued to use throughout the study, was to deal at the beginning of the lesson, in

a whole-group setting, with individual student concerns arising from the previous



lesson's assignment. The length of time spent in homework review depended on
the number of student questions which arose. The lesson development was
algorithmic in focus, with notes given and examples discussed to ensure
satisfactory skill development. During the last part of cach lesson, students were
given exercises to practice. Questions the students did not complete were expected
to be done as homework, and were discussed at the beginning of the next class.
None of the seven ieachers used cooperative-leamning structures on a regular basis.
After the inservice for the treatment teachers, three of the four treatment
teachers implemented both the lesson format and the spinit of the Interucuve
Teaching Mndel. In particular, they taught for meaning- using throughout therr
presentations mathematical models, hands-on materials, real-world examples, and
mathematical explanations to illustrate concepts taught, and an active style of
instruction in an attempt to engage all their students in whole-class discussion.
Based on the implementing teachers' interprewtion of the model and comments on
its appropriateness in their classroom situations, an amended model, utled
Principles of Interactive follow. A detailed discussion appears in Chupter S.
PRINCIPLES OF INTERACTIVE TEACHING

DAILY REVIEW AND HOMEWORK CHECK - 10 minutes

* Begin with oral work that reviews and reinforces previous lesson’s skills

and knowledge and sets the scene for the day's lesson

* Deal with homework
DEVELOPMENT - 25 minutes

* Place concept to be taught in context of past knowledge and tuture

problems
* Emphasize meaning
* Introduce novel problems, when appropriale, 1O underscore process

* Monitor student understanding through active questoning
* Reinforce concept through controlled practice
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COOPERATIVE PRACTICE/INDIVIDUAL PRACTICE- 25 minutes
* Provide opportunities in alternate lessons for group and individual
practice.
* Provide oppoertunity for successful practice
* Include word problems and applications related to the lesson.
* Assign more difficuit questions in this segment rather than for homework
to take advantage of peer and teacher support.
* Encourage active group discussion
* Keep individuals accountable
HOMEWORK
* Assign homework relevant to lesson
* Ensure that the questions assigned can be completed successfully by the
majority of students working independently
* Include a review question.
D. Summary of Teacher Reactions.
Homework Review
The teachers' began their lessons by quickly dealing with the previous day's
homework using a variety of techniques:
1. By writing worked solutions to the assignments on the side boards before the
class started or displaying solutions on the overhead. The students would revise
their work immediately on coming into the classroom. During this time, the
teachers would address questions of a general nature and monitor students’
completion of the assignments.
2. By having students copy and hand in for grading selected homework questions
directly from their notebooks.
3. By collecting and grading individual assignments. The teachcrs carel ully
sclected the questions assigned for homework, limiting the number and difficulty of
the problems to those that could be successfully practised in fifteen minutes,

assigning more difticult questions during cooperative practice when students had

ready access to peer and teacher assistance.
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All the teachers believed these practices were etficient and effecuve allowing
more time for lesson development; however, they felt those practices were ime
consuming to prepare and prohibitive if used in all their classes. Because the
students were held accountable for completing their homework, the teachers
observed that more students were completing their assignments than thcy had in
prior to the study.

Oral work

Teachers tied the oral work at the beginning of the class into the review,
interpreting oral work as an opportunity to review prerequisite concepts and to set
the scene for the upcoming lesson. All the teachers, felt oral exercises provided a
vehicle for engaging the cless guickly, getting them to think about mathematics, and
providing an effective transition t5 the development segment of the lesson. All
intended to incorporate this element of the Model into their daily pracuce.

Development

Initially, the lesson development presented the greatest hurdie. Even though
the treatment teachers believed that developing student understanding is the essence
of teaching, they found time consuming the detailed preparation necessary to design
appropriate lessons.

The success of this approach depends on the philosophy of individual
teachers, their beliefs about how students learn, and how they perceive the balunce
between teaching for meaning and teaching for skills. They also felt that student
skills are what is valued by the "system" - diploma exams, for cxample, still

demand student acquisition of factual knowledge.
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Difficulties with this approach might be overcome through joint planning
among tcachers, or the provision of appropriate textual and teacher support
materials.

Cooperative practice

Cooperative practice was handled well. The students were assigned to
heterogeneous groups of four on the basis of sex, achievement- one high achiever,
one low. and two average students- personality and attendance. Groups remained
the same during the study, except in those instances when new students arnved or
when students withdrew from school.

Throughout the study, the teachers were pieased with the level of student
participation, effort, and cooperation. The teachers observed that the students
enjoyed the opportunity to work together, 1o discuss, encounter alternate
perspectives, and to share expertise. Few students were observed to be off task
during this segment of the lesson.

Teachers held students accountable by interacting with the groups, offering
suggestions, or posing questions to direct students' thinking. Teachers regularly
graded group assignments - either group products or an individual student's work
selected at random from each group.

The only concemns teachers had were in designing appropriate cooperative
activities and that some groups were adversely affected by absenteeism. In addition,
the treatment teachers suggested they would be more comfortable in either planning
group work for lessons which lent themselves to that process, or alternating

cooperative practice with individual practice.



Time guidelines

Teachers felt the suggested times for the lesson segments were appropriate,
and were effective in balancing the lesson format; especially by limiting the time
spent in taking up homework, more class time is freed for teaching new concepts
and providing practice time. However, all three teachers considered the guidelines
restrictive and difficult to adhere to when introducing a more involved concept.
Process problems

Teachers experienced difficulty integrating the ten-minute problem solving
component into the lesson structure every second lesson, not only in terms of
restricting discussion to that time period, but also in finding appropriate problems
that would be relevant to the lesson topic.

Probleni solving iady be better integrated within the lesson development.
Problem solving situations should relate to the lesson content being prescnted, with

class discussion of heuristics and altemate perspectives imbedded within the

lesson.

E. Teacher Change
Elements that teachers intend to continue after the conclusion ol the study
include:
1. Teaching for meaning
)

2, Strategies for dealing with homework

3 Oral work

4. Cooperative practice on a regular basis
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5. Giving more time to practice conceplts independently and within groups
6. Lesson seqguence.

The Model has provided an opportunity for teachers o reflect on their
teaching. It has been a catalyst for discovering strategies for enhancing their

personal eifectiveness.

F. Student Achievement

Three tesis were designed to assess student achievement- a thirty-item pre-test
surveying the Mathematics 23 course of studies covered prior to the
implementation of the treatment program, and two thirty-item multiplz choice post-
tests based on the unit objectives for systems of equations and geometry-

Based on the survey pre-test, there was no significant difference, initially,
between the control group and the students of the three teachers who implemented
the Model. The post-test results of the same groups favoured the students in the
Implementers' classes compared to the control group at the 0.05 level of

confiderice.



Figure 10. Comparison of control and implementer groups

20 1

Test Means Control

10 - implementer

Pretest Systems Geometry

G. Student Perceptions

Seven of the nine students interviewed felt the program enhanced their
mathematical understanding and heiped them learn mathematics, citing increased
teacher interaction and cooperative activities as conuibuting factors. The students
were particularly enthusiastic about group work; the reasons inciuded:
1. A more relaxed learning environment and the ease of relating to other students -
reduced risk.
2. Leaming through sharing different student perspectives.

3. Immediate feedback.
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4. Increased self esteem and an enhanced feeling of competence.
S. Pride in beiag in a position to offer assistance to others.

Seven of the nine students felt they were accomplishing more in class, and
all nine felt they were doing more homework because they were being held
accountable. The student consensus was positive and favoured the Model

compared to previous teacher practice.

H. Implications for Research

A second experiment involving more teachers and stud~nts to determine if the
results can be replicated is warranted.

Because so many variables were involved in the Interactive Teaching Model,
it is improbable that those factors which favoured the treatment group could be
readily identified. Nevertheless, it may be of interest to investigate whether the
achievement gains for the two units of study and the positive stud::nt perception of
the Miodel would be sustained over the entire course.

A follow-up study is indicated to ascertain those elements of the model the
treatment teachers continue to use regularly as part of their teaching repertoire and
what implications does this have for teacher inservice? To what extent do teachers
change their teaching practice when presented with alternatives?

Also, the treatment was applied in a Mathematics 23 context. Students in this
stream are less mathematically motivated and competitive than in more academically
oriented classes. Would the results be replicated in all senior-high classrooms and
grade levels, specitically highly motivated and mark-conscious classes? In

particular, Sigurdson and Olson (1989) suggest that more academically able



students relate more favourably to instructional strategies which emphasize
marhematical meaning.

The teachers who participated in the study were ail seasoned teachers who had
the benefit of years of successful classroom practice. Each brought o the model a
mature perspective that facilitated its impiementatton. Would less experienced,
competent, or novice teachers implement this program as successtully”?

Of continuing interest to teachers and school administrations are instructional
strategies for enhancing student performance and attitude towards mathematics. It
is possible that this research could serve as a vehicle for discussing action rescarch
toward these ends.

Finally, one of the weaknesses of this study was the unsaustactory attitude
questionnaire which detracted from a definitive determination of student attitudes
sowards the salient elements of the model. If the research were repeated, i+ more

carefully designed instrument would be desirable.
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LESSON FORMAT

DAILY REVIEW AND HOMEWORK CHECK - 10 minutes
* Begin with oral work

* Review previous lesson's skills and knowledge
* Deal with homework

DEVELOPMENT - 25 minutes

* Place concept to be taught in context of past knowledge and future
problems

* Emphasize meaning

* Monitor student understanding through active questioning

* Reinforce concept through controlled practice
COOPERATIVE PRACTICE - 25 minutes

* Provide opportunity for successiui pracuce

* Include word problems and applications related to the lesson

* Encourage active group discussion

* Keep individuals accountable

HOMEWORK

* Assign homework relevant to lesson

* Ensure that the questions assigned can be compieted

successfully by the majority of students working independently

* Include a review question.

DAILY REVIEW AND HOMEWORK CHECK
The oral work at the beginning of the lesson is intended to emphasize the

importance of the first few minutes of the class. Rather than focussing on routine
clerical matters, all students will engage in relevant and meaningtul mathematical
activities that will set the tone for the rest of the period. Questions selected for the
oral drill should pertain to the prerequisite skills necessary for the coneepts Lo be
presented in the development segment of the lesson. The oral work may be
integrated with he review of the previous lesson's skills and knowledge.

Less time is to be devoted to addressing problems with the previous day's

homework than is routinely the case. Problems from assigned work, to be dealt



with in a whole class setting, should be limited to those which concern the majority
of the class. By restricting the time spent on taking up homework, more time can
be devoted to the presentation of new material. Some suggestions for limiting the
time usually spent in correcting the assignments from the previous lesson follow.

These suggestions have be.1 adapted from Every Minute Counts: Making Y our

Math Ciass Work (Johnson, 1982).

1. Display the answers on an overhead transparency or on the chalkboard. Have
the students record the correct answers next to their own work, so that they can
review their steps later to determine where they made their mistakes.

2. While the class is checking their assignments, the teacher can circulate among
the students to check to see who has completed their assigned work, whether there
are problems of a general nature that require class discussion. At this time the
student scores on the homework may be recorded.

3. The teacher should not spend class time to discuss questions that only a few
students were not able to do. Individual assistance may be provided later, dunng
the scatwork portion of the lesson, or arrangements may be made to meet the
student outside of class, perhaps during a tutorial period, to resolve the difficulty.
4. It is sometimes advisable to have the students to redo one of the questions with
which they had difficulty once they are given the correct answer. This question
would be turned in to the teacher for additional advice or assistance if the second
attempt is also incorrect.

5. Another method for determining which questions should be addressed in a

whole group discussion is to ask for a show of hands or have the students as they
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enter the room check off on a tally sheet next to the number of the questuons
assigned those that presented problems.

6. Homework quizzes may also motivate students to complete homework and to
revise their solutions. For instance, at the end of the week, a question or two may
be selected at random from their week's assignments. The students are asked to
copy, directly from their notebooks, their written solutions to the items chosen.
They would not have access to their iextbcoks, and only enough time would be
allowed for them to copy their answers, not to work out the questicns {rom scraich.
These quizzes would be marked by the teacher and used in part in determining their
unit grades. This method also encourages students to keep orderly notebooks, and
emphasizes the importance the teacher places on assigned work.

Students should be held accountable for the homework assigned. However,
regardless of the method used in dealing with homework, the tme traditionally
taken in dealing with this aspect should be restricted to no more than the ten minuics
allotted. This allows for more effort to be expended on the development segment of
the lesson.

DEVELOPMENT

The development segment of the lesson is that part of the period devoted to
actively involving students in developing their understanding of skills and concepts.
Meaning is to be established by relating the content to previous knowledge, by
placing the concepts in the context of the students' own experience, by modelling
everyday situations, by focussing on applications, and using concrete matenals
when applicable. Though questioning, the teacher will monitor student

understanding, and ensure students are participating.



The controlled practice poriion of the development, when the students work
on one or two problems followed by a class discussion, is designed to provide
additional feedback to the teacher, and to enhance the students' proficiency with the
matenal.

Questioning is an important aspect of actively engaging the students in the
learning process. The following represent suggestions included in Active

Mathematics Teaching (Good, Grouws and Ebmeier, 1983) and Everv Minute

Counts (Johnson, 1982).

1. Give time for students to formulate an answer. A pause will allow time for all
students to think of an answer to the guestion posed. Avoid naming a student
before a question is asked; calling on a student before the question is f ramed
permits the rest of the class to sit back and allow someone else to do the thinking.
2. The questions asked should involve more than a yes Or no answer or uestions
that are limited to simple recall. Avoid asking questions that contain the answer .
Ask open-ended questions. Probe for understanding and enccurage discussion.

3. The teacher should avoid answering his own questions. The class must be held
accountable and as much as possible each student must be encouraged to participate
actively

4. When a student answers a question, do not repeat the answer. Encourage other
students to clarify or expand on the responses given by others. This ensures the
rest of the class will listen to those giving respouses and will reflect on what was

said. Insist that students are attentive to each other and to the teacher.
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S. Foster a classroom envircnment in which students will nisk an answer. Don't
label questions as trivial or difficult, or comment on the quality of the student's
answer.

6. Try to ask questions that guide the students towards the development of the
concept.

COOPERATIVE PRACTICE

In the cooperative-practice segment, studenis will be assigned to groups of
four. These groups are to be heterogeneous by sex and achievement. Groups
should be formed by selecting one high achiever, one low achiever, and two
students of average mathematical ability. These groups are 10 be maintained dunng
the two units of the study. Over time the students should improve their
interpersonal skills and grow to appreciate their responsibility to the other members
of the group.

The intent of the groups is to provide student support when they are working
on questions aséigned based on the material presented in the lesson development.
In this phase of the class, both group and individuals are to be held accountable for
the work to be completed in class. as well, in this portion of the lesson, process
problems will be discussed by the class as a whole and within the groups. These
problems should be integrated into the lesson at least every other day. The intent of
these problems is to develop students' problem solving skills and to motivate.

Suggestions for group work follow.

1. The groups should be held accountable for completing assigned work. To be
successful the students must expect each member to make a contribution.

Individuals can not sit back and and let the others carry the load.



2. To ensure individual and group accountability, the teacher must monitor
students' progress and provide assistance whenever necessary. However, the
teacher must also encourage the group members to exchange ideas and information,
and to support each other, clarifying ideas and often explaining concepts to other
within the group experiencing difficulty. Everyone is expected to master the
material and help others achieve the same goal.
3. The cooperative activities should be structured for success. To ensure students
are on task, randomly select a student to justify the group's solution or select a
student's paper for a group mark. A single group product is to be turned in for
grading.
4. The group must work mgether in a close seating arrangement to encourage
discussion. Keep the groups far enough apart to avoid interference.
5. On occasion it is necessary to discuss with individual groups or the class as a
whole the social skills requisite for effective group interaction. Group memibers
should be sensitive to others and avoid being judgmental or critical of their peers.
6. To enhance participation, roles may be assigned to the members of a group in
the completion of tasks. For instance, the teacher may have one student clarify a
question, another suggest a strategy or encourage participation, another record the
responses, and the fourth verify the results. Roles assigned would depend on the
task set, and various roles may be assumed by a student over tume.
HOMEWORK

Homework is to provide students with an opportunity for successful practice.

The assigned questions should be within the ability of the students to do; questions
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the students may do incorrecdy fostering misconcepuons or improper technique
should be avoided.

Because of the U'me spent in the cooperative-practice phase of the lesson, the
number of questions assigned shouid be fewer than are normally given.

The homework must be worth doing; and, if worth doing well 1t should be
used to determine, in part, a student's unit mark.
PROBLEM SOLVING

Every second lesson process problems are to be discussed for ten minules,
between the development of the lesson and cooperative practice. A number of

problems which may be used follow.

SUGGESTED PROBLEMS

1. A signin a store window advertises 20% off all items. Which 1s better, to
receive the discount first and then pay the 7% GST on the discounted price,
or pay the GST first and then obtain a discount on the total?

19

A spiral spring is hung up and weights are hung from its lower end. [Its length
is 35 cm when 20 grams are added, and its length is 45 cm when 40 grams arc
added. What is its length when all the weights are removed?

3. What is the smallest number of cubical blocks that can be spread out to form a
square or stacked to formn a cube?

4. Take three consecutive numbers, say 7, 8, and 9 and square the middie number.

How is your result related to the product of the other two? Does this always
work? Why?

5. Assume that the earth is a perfect sphere and a wire is stretched around it at the
equator. If the wire is cut and three metres added to its length s0 that 1t now
forms a ring the same distance from the equator at all points, what is the

distance between the wire and the earth?
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6. What is the area of the shaded region?
AN

N

£ N
K 3

7. A basketbail player scored 48 points in a game, raising his average from 25 to
26. How many points would he have had to score to ring his average up to 277

8. What is the area of the overlap of the two squares? C 1s the centre of the small
square.

9. If 5 frogs can catch 5 flies in 5 minutes, how long does it take 1000 frogs to
catch 1000 flies?



10. Draw the die from its net. If this die is rolled 5 times and the total on the top
faces is 25, what is the sum of the opposite (bottom) faces?
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SYSTEMS OF EQUAIONS

Lesson 1: Solve systems of linear equations in two unknowns graphically.

Daily Review and Hemework Check - 10 minutes
* Oral Work
Ask the students to respound to the following questions.
Have the students justi{y their own or their peers'
answers.
1. Describe the graph of x = 1?7 Explain.
2. What is the equation of the horizontal line which
passes through the point (1, 2)? Why?
3. At what point do the lines x =3, and y =4 intersect?
4. What are the equations of the horizontal and vertical
lines which pass through the point (-1, 5)?
5. What is the slope of the }ine y =3x - 1 ? Why?
6. What are the slopes of the lines y =2xand y = 2x + 17
How are these lines related? Why? Would these lines intersect?

* Review: none
* Homework: none

Development - 25 minutes

* Define systems of cquations.

* Explain that this unit involves using many of the principics lcamed in the
previous chapter on linear equations and their graphs. Mention that the
systems of equations that the students will be solving consist of a pair of
linear equations, that each linear equation represents a straight line, and that
the objective is to determine if and where the lines intersect.

* Example 1
Two students, X and Y, who live 10 km apart decide to cycle
towards each other to meet one afternoon. How far has cach travelled when
they met?

The following questions should be addressed.

1. What distances are possible? Emphasize that a number of answers are
possible.

2. If x represents how far Student X has travelled, and y represents how

far Student Y has travelled, what equation represents the relationship
between x and y ?

Xx+y=10
3. Ask students to suggest ordered pairs which satisfy the equation. Point
out that there are restrictions on the two variables.
O0<x=<10and 0=y =< 10
Have the students graph the equation.
Discuss the reason why the information given in the original queston
was inadequate to find unique values for x and y.

Lk
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6. Provide an additional constraint to the original problem. If Student X
cycled 2 km farther than Student Y, how far did each travel? The
answer should now be obvious: x = 6km and y = 4 km.

7. Discuss the equation representing the second statement and its graph.

X-y=2
8. Explain that the two equations X +y = 10... (1)
x-y=2 ...(2)
forin a system of equations, and that the point of
intersection of the graphs of those equations is the required solution.

104l

(6,45
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* fZxample 2
Solve the following system graphically, and verify tae solution by
substitution. Discuss both tables of values and intercepts.

2x -y =7...(1)
X +2y=1.(2)

* Use ~ontrolled practice to emphasize concepts. At least iwo
additional examples should be completed; however, do not exceed 25
minutes for the development segment. One example of a system 1o be
solved graphically is:

3x+y=6..(1)
X=y-2.)

Interactive Practice - 15 minutes
* Assign pp. 199-200, questions 1-4. Indicate that at the end of the period,
the assignment will be selected, at random, from one of the students from
each group. Thcse assignments will be graded, and each student in the
group will receive the mark based on that assignment.

Problem Solving - 10 minutes

* Spend the ume with the enure class discussing the following problem.
How many different pairs of posilive iniSgers can be found to solve the
following equations? For the purpeses of this question the pairs 3 and 2,
and 2 and 3 are considered the same.

Look for patterns.
. x+v=2
2. X+yv=3
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3.x+yv 4
4. x+y=5
5. x+y=1001

Homework
* Assign p. 200, questions 6 and 7.

J esson 2: Solve systems of linear equations in two unknowns graphicaily.
Analyze the three possible solutions to linear systems.

Daily Review and Homework Check - 10 minutes
* Oral Work

. What is the relationship between the slopes of two
parallel lines?
State the slopc of the iiney =4x + 2.
Give the equaiion «f 2 line parallel toy = 4x + 2
Give the equatior: of 2 line which intersects y = 4xX + 2
at exactly one point.

S. Whatis theslopeof x+y=27
* Review: Solving a linear systermn graphically.
* Homework: p. 200, questions 6 and 7.

[u—y

AN

Development - 25 minutes
* Example 1
Solve the system X -y =-4 ... (1) graphically.
2X+y=7 ...(2)
Use either a short table of values for each equation or therr
intercepts to sketch the lines in the plane.
The following questions should be addressed.
What is the solution of this linear system.
Why is there exactly one point of intersection?
What is the slope-y-intercept form of the first equation?
What is the slope of the first line?
What is the slope-y-intercept form of the second cquation?
. What is the slope of the second line?
Emphasize that if the slopes of the two lines differ, they must intersect at
exactly one point. The terms consistent or independent may or may not be
introduced at this point.
7. What would happen if the slopes of the lines were the same?
* Example 2
Solve the system 2x+y=6 ... (1)
2x + y=-4 ...(2)
Ask the students to sketch the lines from their intercepts.
Discuss the graph in terms of the slope of each line.
Stress that this system of equations has no solution. The term inconsistent
may or may not be intrcduced.

Rl M
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* Example 3
Show that each ordered pair that satisfies x + 2y = 3 also sausfies
3x + 6y = 9. This may be done using tables of values.
Graph the equations, showing that they represent the same line in the plane.
Ask the students how the second equation was formed from the first
equation.
Emphasize that there are infinitely many solutions; the term
dependent system may be introduced.

* Controlled practice. At least three more examples, one of each type should
be discussed if time permits.

Interactive Practice - 25 minu
* Have each group dete: ...ine the number of solutions to each system and
have them justify their answers in their own words. If the system
represents a pair of lines which intersect at exactly one point, have the
students determine the coordinates of that point and check their answer by
substitution. To ensure accountability, at the end of the period have each
student, working independently, solve and hand in for grading one of the
questions to be chosen at random from thegroup assignment.
1. 2x-3y=7
4x =6y + 14
3x-y=4
xX+y=0
y=5x+7
2y =10x-21
X-y=3
2v+Xx +9=90
* [n addition, assign page 200, questions 7, 11, 13

19

oW

Homework: pp. 199-200, questions 5, 8, and 12.

Lesson 3: Solve systems of linear equations by substitution

Daily Review and Homework Check - 10 minutes
* Oral Work: Write the questions on the board.
1. Simplify 4 - (3 -X)
2. Simplify 3x - 2(x - 7)
3. Solve 3x -4=13
4. Find the valucof yify=2x-3andx=35

* Review: Solving systems graphically.
* Home  'ork: pp. 199-200, questions 5, 8 and 12.

Development - 25 minutes
* Discuss why graphical methods of solving linear systems are
inadequate.



* Example 1
Two car rental {irms use different formulas for charging their
customers. Company A charges $25.00 per day and $0.15 per
kilometre. Company B charges $20.00 per day and $0.20 per
kilometre. How far would you have to drive each day, beforc
Company A is less expensive?
Discuss this example from at least three perspective.
1. Because Company A charges $0.05/km less than Company B, the $5.00
difference in the daily charges would be made up in 100 km.
100 km ( $0.05/km ) = $5.00
2. Solve the problem by setting up a system of equations, and solving that
system graphically.
Let C be the total cost, and d be the distance dnven.
For Company 4: C=25+ 0.15d ... (1)
For Company B: C=20+ 0.20d ... (2)

&

(100,40)

1 3
20 40 60 83 100 >4

3. Solve the system by substitution.
For Company A: C=25+ 0.15d ... (1)
For Company B: C =20+ 0.20d ... (2)
Therefore, 25+ 0.15d =20 + 0.20d
5=0.05d

d = 100 km and C = $40.00
Verify by substitution

* Through controiled practice, develop substitution further.

Example 2 Example 3
2x+y=3..(1) 3x-y=7...(1)
v=X ...{2) 2x +v=3..(2)

This method will take two lessons to complete.

Interactive Practice - 15 minutes
* p. 202, quesuons 1-5
* Have students complete the questions in their home groups on a single sheet
to be turned in at the end of the exercise. Each of the four students will do
one of parts (a) through (d) of each question.
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Problem Solving - 10 minutes
* Spend the time with the entire class discussing the following problem.

What happens when we try to solve X + 2y = 4, and x + 2y = 16 by
substitution? Why?

Homework: p. 202, questions 6 and 7.

GEOMETRY

Lesson 1: Working with perimeter.

Daily Review and Homework Check - 10 minutes

* Oral Work
1. What is two times the sum of 4 cm and 3.5 cm?

2. What is the cost of 25 m of fencing if 20 m cost $40.00?
3. Determine the area of a square with a perimeter of 20 cm.
4. How many times longer is the perimeter of a square 4 cin on
a side than an cquilateral triangle 4 cm on a side?
S. How many sides does a pentagon have?
6. What is 3 ( 5.25 cm + 4.75 cm)?
* Review: Classify polygons by their number of sides.
* Homework: none

Development - 25 minutes
* Discuss the meaning of perimeter.
* Have the students estimate the cost of installing baseboards in their

classroom if 1 m costs $2.00.

* Review possible formulas for the perimeters of triangles, squares,
rectangles, parallelograms, quadrilaterals, and regular polygons. Have the
student supply the answers whenever possible.

* Example 1
What is the length of the missing side?

12cm

Perimeter = 40 cm




* Example 2
What is the perimeter of the figure on the right?

A1l squares are the same size

Perimeter = 28 tm

[(TITTT1

* Controlled Practice: Questions 6 and 8 from page 225.

Problem solving - 10 minutes
* Six people enter a room. Each person shakes hands with every other person
once. How many different handshakes were there?
Simplify the problem. Try the question with just 2 people, then three.
What is the pattern? It may help to represent the people as points on a circle
and the handshakes as sides and diagonals of polygons.

Cooperative Practice - 15 minutes
* pp. 222 -225, questions l.a., 3.c., 4, 5.d., and10

Homework: pp. 223 - 225, questions 5.b., 5.c., 8, andl!l

Lesson 2: Circumference of a circle

Daily Review and Homework Check - 10 minutes

* Oral Work
1. What is the radius of a circle 16.5 m in diameter?
2. State the term for the distance around a circle.
3. What is the diameter of a circle (x + 3) units inr adius?
4. What is the value of 7t correct to twe decimal places?
5. Which is longer, a ciicle of diameter 5 cm, or a squarc

5 cm on a side? Why?
* Review the concept of penmeter.
* Homework: pp. 223 - 225, questions 5.b., 5.c., 8, and11l.

Development - 25 minutes
* Define circumference.
* Demonstrate that the circumf{erence of a circie should be
approximately 3 times the diameter of the circle. The following questions
may be asked.



1. How is the circumference of the circle related to the
perimeters of the two squares?

2. What is the perimeter of the large square?

3. Is it possible to find the perimeter of the small square? How?

Perimeter of larger square = 4D
Perimeter of smaller square?
Using Pythagoras's Theorem, find the length of each side.
(DI2)2 + (D/2)2 = (side)?
(side)2 = 2D2
4

side = V2D
2

Therefore, the perimeter is 4(side} = 2v2 D or about 2.8 D
4. Discuss that the circumference of the circle must be
smaller than 4D and larger than 2.8 D

* Using a paper cup demonstrate that the circumference of a circle is a little
more than three times the diameter. Roll the lip of the cup along the edge
of a sheet of paper, making the staring point and end point for one
complete rotation. How many times does the top fit in that distance?
Does the ratio of the circumference to the diameter of a circle depend on
the size of the circle? What is that ratio?

* Discuss the formulas C =D and C = 2ar.

* Example
What is the difference in the circumferences of the inner and outer circles
of the washer below?

132
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* Use controlled practice to discuss the following.
1. What is the radius of a circle of circumference 45 cm?
2. How many times does a tire of radius 40 cm rotate in from
Edmonton to Calgary, a distance of 300 km?
3. Question 1€, p. 229.

Cooperative Practice - 25 minutes
pp. 227 -229; questions l.a., 3,6, 7,9, 13 and 14

Homework: pp. 227 -229; questions 5, 8, 10, 14 and 18.

Lesson 3: Formulas for the areas of rectangles, squares, parallelograms, wnangles
and trapezoids.

Daily Review and Homework Check - 10 minutes

* Oral Work

1. How many square centimetres are there in a square metre?

2. How many times larger is a square centimetre than a
square millimetre?
Evaluate 1/2 (4 + 5) 20
How much larger is 92 than 827
Factor ah + bh

2 2
* Review: Circumference of acircle
* Homework: pp. 227 -229; questions 5, 8, 10, 14 and 18.

bk W

Development - 25 minutes
* Review the formulas for the areas of rectangles and squares.
Stress the importance of units in your examples.
* Discuss the formulas for areas of parallelograms, triangles
and trapezoids in terms of related rectangles.



* For the trapezoid, its area is the average of two rectangles of area ah and
bh. Use a numerical example first, then develop the formula:
A=ah+bh=1/2h(a+b)
2%

* Use controll;d practice to discuss real-world applications.
pp. 232 - 233; questions 8,11, and 15.

Problem solving - 1C minutes
* What is the area of the overlap of the two squares? C is the centre of the
small square.

AASNAANLANASAN

AV ARALNNASNAAAN

B A S AN NRANSAASAY
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Cooperaive Practice - 15 minutes
* pp. 232 - 233; questions l.a,, Z.a, 3.a., 4.a., 12, 13.

Homework: pp. 232 - 233; questions 6 and 7.
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PRE- AND POST- TESTS
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SURVEY TEST - PRE-TEST

. The value of the expression 3-2is

A. 19 B. -6

C. 9 D. -1/9
The greatest common factor of 12x3y4 - 8xy2 is

A. 4xy2 B. xy2

C. 4 D. 24x3y4
The value of -361/2 is

A -1/6 B. -6

C. -18 D. undefined
The number of integers between /10 and V10 is

A. 3 B. 6

C. 7 D. S

. A packing case is cube shaped. If its volume is 27 m3, then the
area of the top of the case, correct 1o one decimal place, 1s

A. 3.0m2 B. 52 m=2
C. 9.0 m2 D. 6.0 m2

. Which of the following radical expressions is the largest in value?

1. V50

1. V33 ++17
1I1. V10 + V40
IV. V26 +v24

Al B. 1I
C. 1 D. IV



7. In the diagram on the right,

the length of segment AB is

A. 3
C. 4

8. The value of 62 (6 2) is

A. O
C. 1

9. 2(2x - 1)(3x + 2) is the same as

A. 24x2-4x -8
C. 12x2 +2x -4

10. (2x - 1)2 is equivalent to

A. 4x2 - 4x -1
C.4x2 - 1

11. The solution of the equation
32(5x -7) = 15is a(n)

A. whole number
C. fraction

ow ow o w

Uw

ow

V6
VR

1/36

. 36

C24x2 +4x -8
C12x2-2x -4

. 4x2 - 4x +1
. 4x2 +1

. Integer
. radical
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12. The diciance | d, in metres, an object falls from rest after t
seconds 1s givenby d =1 gt2 where g is the acceleration due to
2

gravity. Ann wants to calculate how long it takes a rock to
fall down a 20m well. The formula she can use o calculate t is

A. t=4d? B. t=2d
g2 g

C. t=4d D. t=44"
g b4

13. The graph of the inequality 3 -x=s 4 is

A -1 8 -1
° NN
7 7
14. A factor of 12x2 - 5x - 3 is
A. 3x +1 B. 3x-1
C. 4x+3 D. 4x+1

15. 1 the trinomial 2x2 + bx + | can be factored, which of the following is a
pussible value of b ?

A. -4 B.-3
C. -2 D. -1

16. The solutions of the equation 2x2 -5x +2=0 are

A. 1/2and 2 B. -1/2and 2
C. -1/2and -2 D. 1/2and -2

17. Which of the following equations has -1 as a solution?

A. 124x2 -4x - 120 B. 124x2 +4x - 120
C. 124x2 +4x - 128 D. 1242 +4x + 128



18.

15.

24.

26

The solutions to 4x2 =25 are

A. £2/5 B. 25/4
C. 4/25 D. £5/2

Ifa=-2,b="7and x = -69, the value of x= - 10abx + 25a2b2 is

A. 19321 B. -19 321
C. -1 D. 1
. The solution of the equation 3x-5 =-11is
A2 B. 4/3
C. 2 D. 3/4
. The line with an x-intercept of 2 and a y-intercept of -2 is
A. x+y-2=0 B. x-y-2=0
C. x+y+2=0 D x-y+2=0

. The line passing through the (0,0) and (3, 4) 1s

A. 4x-3y=0 B.3x +4y =0
C. 4x+3y=90 D.3x-4y=0

. The equation of the vertical line through (-2, 3) is

A.y-3=0 B. Xx-2
C. y+3-=0 D. x+2

The equation of the line passing through (1, 1) and (2, 3) 1s

A.2x-y-1=0 B. 2x+y-3=0

C. x-2y+1=0 D. x+2y-3=0
The line passing through (1, -1) and (-1, 1) also passes through

A.(3,2) B. (3, 3)

C. (3,-3) D.(3,-2)

. Which of the following lines are parallel?

I 3x-y-6=0
II x+3y-6=0
II 6x -2y -6=0
IV 3x+y-6=0

A. Tand Il B. [ and 11
C. Iland IV C. IIland 1V



27. The equation of the horizontal line tivough (1, 2)1s

A x =1 B.v+2=0
C. x+1=0 . Dy=2
2%. The y-intercept of the line 3x + 4y + 12=01s
A. 4 B. -3
C. 3 D. 4
29, If the line with an x-intercept of -1 and a y - intercept
of 1 passes through (7, y), then the value of yis
A. 6 B. 7
C. 8 D. 9

30. The equation of the line parallel to y = 4x and which passes
through (3, 0) is

A.x-4v-3=0 B.4x+v-12=0
C.x+4y-3=0 D.4x-y-12=0
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SYSTEMS OF EQUATIONS - POST-TEST

4} = :‘\
A. a pair of intersecting lines B. a pair of parallel lines
C. a pair of perpendicular lines D. asingle line

if the svstem y = mx + b represents lines which intersect at
V=nX+C
exactly one point. ther

A.m=r B. b=c¢
C.m#n D. bzc¢

The point of inie. cction of the ines2X - 6=0and 2y + 6 =0 is

A. (3,-3

B. (-3,3
C. (6. -6) D. (

r )
-6, 6)
. The system equivalent to 3(*( -y)=4x-1
1+238x-1)=3-2(y- 1) s

A. x+3y=1 B.x+3y=1
3X+yv=3 Ox -v=2
C. x-3y=1 D.x-3y=1
6X +2y =2 Gx -2y =2

The coordinates of one of the vertices of the tnangle formed by
thelines x + 2y =11, x-y=4and 7x - 4y =23 1s

A. (9, B. (8,4
C. (7,2 D. (5,3)

Partial tables of values of two linear equations are given below.

x -1 01 x 0 1 2
vy 642 y 10 11 12

The solution of this system is

A.(2,0) B. (-2, 8}
C. (3 13) D. (-1, 9)
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7. Lineslyand _ pass through (2, 1).

\\(21 ”/
= .
\

e

The line formed by adding the equations of the two lines, must
pass through

A (4,2 B. (2, 1)
C. 2,325 D.(4, 1)

8. The sum of two numbers is 19. The larger number exceeds the
smaller number by 5. If x and y represent ihe larger and smaller

numbers respectively, the equations that could ¥ used to solve
for x and y are

A xX+y=19 B. x+y=19
X-y=-5 y =-5x
C. x+y=19 D. x+y=19
X-y=5 y=5x

6. Norma has 37 nickels and quarters. If she had half as many

quarters and and seven more nickels she would still have 37 coins.
The total value of the coins she has is

A. $2.25 B. $4.65
C. $6.45 D. $7.85

10. To solve the system 4x - Sy =14 ... (1) for x , before adding the
3x- 10y=4..... (2)
equations, first multiply equations (1) and (2) respectively, by

A. 2and 1 B. 2and -1
C. 3and -4 D. 3and 4



Which of the following lines passes through the same point as

11
2x+v=4andx-y=-77?

B.2x-y=-10

A. 2x-y=11
D.3x+y=17

C. 3x+vy=3

12. What is the value of "a" so thatax +3y=2and4x -7y -8=0
cross the x-axis at the same point ?

13140

Al B.
C. -1 D. -

13. The sysiem of equations graphed

below 1s
4
<ES
{
W
-1
A x+y=0 B. x+y=t
x-v=28 X-y=2
C. x-y=1 D. x-y=1
2x+y=8 X+2y=4
14. The solution to question 12 1s
A (1.5, D B. (2, 1)
C. (2, 1.5) D. impossible to determiny
15. The solution to the system vy + 11 = 2x
2x-y=11 contns
A. a single point B. no points
D. every point in the planc

C. many points
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16. Consider the following question.
The sum of two positive integers is 9. What are the numbers?

If that was all the information you were given, how many
solutions would that question have?

Al B.4
C. 8 D. an infinite number

17. The local community league charges a both a fixed fee, F, for
renting its hall and D-dollars per person. If it charges $320 for
100 people and $430 for 150 people, then the system of equations
that can be used to find Fand D is

A. F+320D =100 B. F+430D =100
F+430D=15C F+320D =150
C. F+ 100D =430 D. F+ 100D =320
F+ 150D =320 F+ 150D =430

18. The perimeter of a garden plot is 40 m. If itis twice as long as
it is wide, then its area, o~ ct to one decimal place, 1s

A. 88.7m=2 B. 83.8 m2
C. 88.9 m=2 D. 89.0 m2

19. John has $2000. He invests one part, X, at 12% and the second
part, y, at 10%. If his total interest for the year is $230, the
amount invested at each rate may be found by soiving the system

A. 12 x+ 10y = 2000 B. 12x+ 10y =2000
0.12x + 0.10y = 230 12x + 10y =230
C. x+y=2000 D. X+ vy =2000
12x + 10y = 230 12X + 10y = 23000
20. If y=4x +8andy=2x-23then yequals
A -14 B. -5.5

C. -2.5 D. -2
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21. The two equations X + 3y =4 and X + y = 3 may bc combined 1nto a
single equation by substitution. If y 1s replaced in the first
equation, the resulting equation in X 18

A. x+3(x-3)=4 B. x+3(3-x)=4
C. x+ 3(x+3)=4 D x+3(-x-3)=4

22. If the graphs of y = mx + band y = nx + ¢ do not intersect, then

A.bzc,andm=n B. b=candm=n
C.bxcand m=n D. bzcandm=n

23. If two lines intersect at exactly one point, then their

A. slopes must be equal B. y-intercepts must be cqual
C. siopes must be different . y-intercepts must be dilferent
24. Which of the tollowing represents the graph of the linear system
Xx+y=-l...... (1) ?
X-y=4....... 2

A B vd
/)& \\
N N
N / \\
25. One car rental company charges $50 a day and 5 cents a
kilometre. A second charges $55 a day and 4 cents a kilomeure.
How far would you have to drive a car rented from the second

company before it becomes less expensive to rent than a car from
the first company?

A. 50 km B. 100k
C. 125km D. 500 km



26. The solution of the system x - 4y =7
X =2-yIs

A. (3,-1) B. (-3, 1)
C. 3. 1) D.(-3.- 1)

27. If xis Tom's age and v is Ann's age then X - 4 = 5(y -4) means

A. 4 years ago Tom was 5 times as old as Ann is now.
B. In 4 years Tom will be 5 times as old as Ann is now.
C. 4 years ago Tom was 5 times as old as Ann was then.
D. In 4 years Tom will be 5 times as old as Ann.

28 The sum of two numbers is 11. The larger number is three times
as large as the smaller. One of the numbers is

A.2.25 B. 2.75
C. 3.67 D. 6.33

29, Peanuts cost $0.50 a package and chocolate bars are $0.75 each.
The equations 50p + 75¢ = 500 may mean

p=c
A. 2 bars were purchased B. 6 bars were purchased
C. 4 bars were purchased D all of the above

30. If the system y = mx + b and y = nxX + ¢ represents a pair of

perpendicular lines then
A.m=n B.m=-

C.m=1/n D.m=-l/n
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GEOMETRY - POST-TEST
. The sum of the interior angles of a pentagon is

AL 360° B. 540°
C. 720° D. 900°

. The measure of each interior angle of a octagon is

A. 135° B. 145°
C. 150° D i155°

. How many more diagonals does an octagon have than a hexagon?

AT B. 9
C. 11 D. 13

. Figures 1 and 2 below = made up of congruent squares.

1 2

If the perimeter of figure 1 is 24 cm, then the perimeter of
figure 2 is

A. 20cm B. 24 ¢m
C. 30cm D.36cm
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A circle of radius 5 cm is drawn inside a square and just touches
cach side.

W

How much longer is the perimeter of the square than the
circumference of the circle, correct to one decimal place?
Use 7t = 3.14159

A. 4.2cm B. 43cm
C. 8.5c¢m D. 86cm

6. The three tangent circles in the figure below are the same size and
lie in a straight line. The length of segment AE is 36 cm.

B D

NN

The length of the curved path ABCDE, correct to the nearest centimetre is

m

A.56c¢m B. 57cm
C. 76 cm D. 77cm
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7. The total area of the two isosceles triangles shown below 1s

e N

ANLNANVENANY
NAANANNANASRARN

.
A. 150 cm?2 B. 187.5 cm2
C. 225 cm?= D. 300 cm?2

8. A small circle is drawn within a larger semicircle as shown below.

R

If the radius of the semicircle is R units, then the area of
the shaded region is

A. aR2 B. nR2
4 2
C. 3nR2 D. 3aR2

FEN
to



Use the following diagram to answer questions 9 and 10.

10

E :
L“ 2IZiisiiiil

20

9. If the area of the trapezoid is 90 square units, then the height of
the trapezoid 18

A. 4 B. 5
C. 6 D. 7
10. What fraction of total area of the trapezoid is the sum of the
areas of the two shaded right triangles?

A. 13 B. 1/2
C. 2/3 D.3/4

11. The perimeter of a rectangular patio is 44 m. If each side of the

patio is at least 8 m long, what is the difference in area
between the largest and smallest of two such patios?

A.4m?2 B. 6 m2
C. 8m2 D.9m2

of the rectangle.

7]< ok 111 Y
10 AREE T | C
N - ~ '
B
K N
~N 20 /1
The area of the shaded region is
A. 100 B. 125

C. 150 D. 175

2. In the diagram below, A, B, C, and D are the midpoints of the sides

150



13. A certain polyvhedron has 5 vertices and 5 taces. The
number of its edges is

A. 5 B.

C. 7 D.

~

s 7Ro)

14. Consider the polyhedron in the figure below.

<)
4
]
dJ
¢
3
&

The total number of diagonalsis
A2 B. 4
C. 6 D. 8

15. Which of the following nets can NOT be folded into a cube?

A B.

16. The surface area of a sphere of diameter 10 ¢cm, correct to onc
decimal place, is

A.78.5cm? B. 314.2 cm=
C. 628. 8 cm2 D. 1256.6 ¢m=
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17. The volume of the figure below 1s

Scm
gy
6 M > 2 Cm
A.30cm3 B. 40 cm3
C. 50 cm3 D. 60 cm3

{8. nr (r + s) is the formula for the surface area of a

A. tetrahedron B. cylinder
C. cone D. sphere

19. A cylindrical granery has a diameter of 6 m and a height of 5 m.as
shown below.

»

o\

If one can of paint can cover 25 m2, the number of cans of paint
needed to cover only the curved surface is

A3 B. 4
C.5 D.6
20. The volume of the granery in Question 19, correct to the nearest
unit 1s
A. 47 m3 B. 94 m3

C. 141 m> D. 283 m3



21. The volume of the box shown below is 60 cm3.

/
P
4acm
Scm ™
The surface area is
A.. 188 cm?2 B. 120 cm?
C. 60 cm2 D. 94 cm=2

22. How many times larger is the surface area of a sphere than a
circle of the same diameter?

A, B. 4
C. 2 D. 4w

23. How many cubes 2 cm on a side can be placed in a box 6 cm long,
6 cm wide, and 6 cm high?

A.27 B. 18
C. 3¢ D. 54

24. Tweo cyiindrical cans have the same height but the diameter of
one can is G cm and the diameter of th.e other is 18 cm. How
many time:s larger in volume is the ferger cui than the smaller?

A3 3. 2w
C. 9t D.9
25. The volumc of asphereis gvei by V = 4o, 1 the volume of o
certain sphere is 28%t em3, then its suriace arel is
A. 36m cm? B. 727 cm?

C. 108t em?2 D. 1445 cm=2
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»6. The ratio of the volume ot a pyramid with a square base to a cube
with the same base is

A. 113 B. 1
cC.2:1 D.3:

2
1

»7. What formula should you use to calculate the volume of the shape

in the figure below?
r
L I’.]/

A -r2h B. irtr2h
3

C. 4tr=h D. 4str2h

3

28, Which of the figures below are NOT polyhedra?

ASAN
.
>

1

3 /] 4

and 4
and 3

Y
&

3

c.
W
oW
1o



29, What is the area of the shaded side of the tigure below?

A. 30
C. 18

30. Which of the following is Euler's formula?

A. F-V+E
C. V+F-E

-
-

Ut

N



TEST KEYS

SURVEY TEST SYSTEMS GEOMETRY
1. A 1. B 1. B
2. A 2. C 2. A
3. B 3. A 3. B
4. C 4 A 4. C
S. C 5. D S. D
6. D 6. B 6. B
7. D 7. B 7. A
8 C 8 C 8 A
9. C S. B 9. C
10. B 10. B 10. A
1. C 11. C 11. D
12. B 12. A 12. C
13. A 13. D 13. D
14. A 14. B 14. C
15 B 15. C 15. D
16. A i6. B 16. B
17. B 17. D 17. A
18. D 18. C 18. C
19. D 19. D i5. B
20. B 20. A 20. C
2. B 21. B 21. D
22, A 22 A 22. B
23. D 23. C 23. A
24 A 24. C 24. D
25. C 25. D 25. D
26. B 26. A 26. A
27. D 27. C 27. B
28. B 28. B 28. B
26, C 29. B 29. A
30. D 30. D 3G. C
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FACTCR ANALYSIS OF ATTITUDE QUESTIONNAIRE

Eight factors were identified from the data obtained from the twenty-five

item student-attittude questionnaire. Tabie 16 summarizes the fector analys:s for the

data obtained from 129 students, 60 from the classes of the teachers who

implemented the treatment and 69 from control teachers classes.

Table 16

Factor Analvsis of the Twenty-five Item Attitude Questionnaire

Q1
Q2

K

Q5

Q7
Q8

Q1o
Qi1
Q12
Q13
Q14
Q15
Q16

158

Oblique Solution Primary Pattern Matrix-Orthotran/Varimax
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7_ Factor 8
.061 .007 -.035 .794 -.099 -1.77E-51-.026 253
.588 159 .062 .362 .085 .005 .02 .05¢
04 .053 -.093 .164 .358 .028 -.16 .452
-.053 -.006 .182 .266 .086 -.086 -.056 .669
697 086 .09 175 .09 -.109 .134 -.029
.075 775 -.016 .05 -3.69E-51.253 .001 -.097
-.046 .764 -.004 -.042 237 -.182 .025 -.063
092 .796 -.054 -.08 -.106 -.03 -.045 218
153 055 -169 {-.174 [.157 763 -.07 1-.037
-.104 -.011 .269 .162 -.154 767 179 .075
.238 -.165 719 012 -.032 -.07 -.134 122
-.016 002 778 -.11 119 .102 .063 -.095
.766 .082 239 -.136 -.066 .084 -.137 .041
789 -.083 .CO1 -.052 .118 .075 -.0i15 -.025
305 -.032 -.157 .053 .547 .188 -.385 .03
.343 -.018 -.189 -.299 .392 .045 -.097 452




Q17
Q18
Q19
Q20
Q21
Q22
Q23
Q24
Q25

Orthogona! Transformation Solution-Varimax
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7 Factor 8
.395 .033 -.11 .035 -.076 -.144 .185 .623
.046 .18 155 187 135 .104 .573 122
.098 -.174 -.285 -.142 .08 018 724 .029
.624 057 -.146 .338 .087 .001 252 .255
.0M 072 026 .097 .1098 137 .118 724
.288 2 275 -.072 .595 -.068 .087 375
.24 -.142 -.145 .538 .353 -.01 .03 .032
.01 .046 074 .145 .8 006 221 .009
267 .153 .285 .038 675 031 47 272




APPENDIX 5
fEACHER D
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TEACHER D

Teacher D tavght in a medium-sized senior-high school in a middle-class
suburban neighbourhood. With both an undergraduate teaching degree, and a
graduate degree in science, he was well qualified academically to tcach boin
mathematics and science.

However, during the study, Teacher D was actively involved in coaching, and
could not devote the time he would have liked to more thoroughly prepare lessons
according to the model. Initially, he felt the lack of preparaton ume would prevent
him from continuing in the study. As a result, there was lirnited evidence, dunng
classroom observations, of his implementing the strategics for dealing with
homework, using oral work, or teaching for meaning during lesson development.

Although not implementing all the features of the model in his Mathematies 23
class, when interviewed, at the conclusion of the study, one i the elements ui the
InLémctive Teaching Model he had used and intended to continue was cooperative

practice.

Peer tutoring is eftective. | find my students help each other cope with

materia! they could not do on their own. They worked well during

cooperative practice, accomplishing more than they had in the past.

Other factors which mitigated against his implementing the model were e
having to cope with a number of new students who transferred 1nto his class duning
the study, and student absenteeism and tardiness.

In spite of these limiting factors, he handled his students com petently and

effectively. Itis unfortunate he did not have more ime (o devote to the model.
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