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ABSTRAqf

In 1984, the Science Council of Canada publíshed a najor reporL

wtrich reviewed the state of science education across the nation. Included

in its reconnrendations were proposals calling for the inclr¡sion of a

science-technol ogy-society (sTs) drphasis in scíence prograns at all grade

Ievels .

one approach to STs has been labelled the issue-centered approach

in this thesis. Such a¡r apProach explores a selected socio-scienti fic

issue, problsn or application. Scientific concepts and skilIs are

developed en route in the exploration process and are viewed as tools to

ur¡derstanding.

ftre intent of this study was to examine the issue-cer¡tered apProach

to STS, Using a five-stage organizational framework derived frøn current

literature, an STS uniL revolving around the issue of snow rqnoval and

snow dunping in Wj.nnipeg r¿as Plan¡¡ed, developed and inpl anented in a grade

4 classroon,

Ethnograptríc methods were enployed to gather and analyze classrocrn

data. Journal writings, interviews and classroc¡n observations traced the

events, interactior¡s and perceptions of the participants a¡rd provided an

indepth picture of the issue-centered t¡nit in action.

Ttris study suggested that, giver¡ consideration to resources, ti¡ne

Iimitations, the nature of the selected issue, a¡rd the skills and degree

of preparedness of the teacher and students, issue-centered STS, as

orgar-rized around lhe five-stage fra¡¡reç¡ork, is a viable approach to STs at



the eI snentary level . F\.rrthernrore, the issue centered approach satisfies

nuny of the ains of STS and the reccnmendaLions proposed by the Science

Counci I of Canada.
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During the past decade there have been najor science curricult¡n

reviev¡s both ín the United states and in Canada. The rmin thrust of these

studies was to investigate the past and pre-sent state of scier¡ce educa-

tion, to deterrnine the needs of science education for the future, and to

propose reccmnendati ons for change,

A gap between what science education was supposed to achieve and

what science education actuallv achieved was obvious to the researchers

involved in the studies. In part, scíence education practices failed to

prepare students for the chal le¡rges of the futu¡e, for the scientific,

societal a¡rd technical decisions and issues ahead. Conseguentl y, a rmjor

refocusing of science education uas recc¡nnended in order tó bridge the

gap between scie¡ce, technol ogy and society. Efforts to link the science,

technology and society facets of scie¡¡ce educatiør have been called

science-technol ogty-society or STs '

Kliebard (1975) stresses the inE¡ortance of maintaining a historical

perspective l¡hen engaging in curriculum evaluation and revision.

Tlr-is involvenrer¡t with the past need not be construed as fornnl
historical r,¡riting, but rather as a kind of dial ogfue across
generations about the basic concernd of the field. By
engaging in such a dialogue, present-day practítíoners are at
least aware of the ideas and the forces that have helped shape
their field and their thinking... 'such an approach does serve
to províde soflp sensie of continuity and cLirection, and, for
me at least, offers a broad perspecLive on the state of the
curriculun field ger¡eral ly and on certain curriculwn íssues
in particular. (p.39)
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To better understand the sTs tocus, then, and its inpl ications for

the teactríng of elanentary scie¡rce - the rnajor thsne of thís thesis - a

review of the historical influences prcnroting change is required, An

examination of where lcience education has ccrne frcrn, as well as where

science educatíon is going, is needed,

HISIERIqL PM,SPECTIVES

Background to Ctrange: Antecedents to SfS

Many historians nnrk the year 1957 as a nnjor turning point in

science education, On Oct, 4 of that year the Soviets I aunched Sputnik

I. The western world realized the dísparity between existing science

education and the rapid changes in science and technology. It becanre

clear that the educational systøn was lacking, An upper edge in the space

a¡rd military race could be achieved only through a revanped curricultrn,

one that stressed act¡-ievsnent in scíence above everyttr-ing else (McCorrmck,

ress ) .

Bruner (L960), following John Dewey's earlier progressive-

experiential Iead, proposed a discipl ine-centered curriculun that

erphasí zed the deve I o¡xnent of scientific skills or processes through

discovery and inquiry methods. TeaJrE of scientists, educators a¡d

psychologists decided the content and structure of each science subject

and based instructional changes on Lhe latest research on learning styles.

students, ermrlating the techniques and approaches of the scientist.
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searched for new knowl edge a¡d solved probletrs. The anphasis was on pure

science, acadsnic excel lence ar¡d careful preparation for a future

generation of scientists (KyIe, 1984; Yager, I98I).

Course devel ornrer¡t and teacher preparation received vast support

during the years between 1955 and 1974, an era which has ccrne to be called

The Golden Age of Science Education. An estínsted fíve billion dollars

was fururel I ed into K-12 science curriculun developnents in Lhe U.S.

(Yager, 1981). Dozens of new curricula were developed and hundreds of

inservice hours were devoted to training teachers, The stress was on

departnental í zaLion. team teaching, process skills. conceptual schernes,

objectíves, taxonc¡nies a¡rd iontent (Marcuccio, 1987). The inpact of new

U,s, progrars spread beyond íts borders as nìany other nations, including

Canada, followed its exanple,

In the 1970s support for the nrovsnent waned. The Anericans had

conquered space and the gap in Soviet and U,s. technology had narrowed'

The inrnediate goals that had set the ¡,¡heels of change ínto ¡notion had been

seaningl y acconpl ished.

With the flood of nateríals and prograns now available, however,

there was diversity instead of uniformity. A wide range of goals,

philosoptúes, ¡nethods ar¡d ¡rateríals segred to be in use (Pratt, L981).

A 'back to basics' moverner¡t was adrift wtrich shifted enphasis away frøn

scier¡ce (Marcuccío, 1987). At the sa¡ne time other concern¡i had surfaced,

a¡nong thsn environ¡nental degradatÍon, depletion of natural resources,

urban strife, a¡rd the threat of 4uclear warfare. Japanese superiority in
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industry and Lechnol ogy threatened the Anerican technological advantage.

These factors again forced questions to be asked of the scientific

ccnnn¡ni ty, educational ir¡stitutions and governments (Yager. 198I). It was

apparent in Canada. the U.s., and around the v¡orld that the goals and

outcones of scier¡ce education needed to be re-evaluated.

In the United Slates, the National Scie¡rce Fowrdation (NsF)

cømissioned studies to asssnl¡le infor¡nation on the status of K-12

education. In addition, a nation-wide assessment of science for nine,

thirteen and seventee¡r year olds was undertaken, The results of the NSF

studies and the national assessrnent were asssnbled a¡rd ínterpreted ur¡der

a research effort called Project Synthesis. Basic to its design, Project

Synthesís ídentified discrepancies between the desired state of science

and its actual state (Kahl and Harrrs, I98I),

The Science Cor¡nci I of Canada sirnilarly initiated a review of the

state of Canadian science educaLion in 1980. Discussion papers were

cor¡missíoned fron leading science educators and four rmjor research

projects were conducLed from 1980-1983. The projects involved an analysis

of science curricuh¡n guidelines and textbooks, surveys of nearly 7000

science teachers and case studies of actual science teaching practices,

A seríes of nationwide conferences was conducted to discws questíons

raised by the study and to det er¡nine future directions for science

education. A three vol trne report, under the heading Backoror¡nd Studv 52:

Science Education in Canadian Schools. was rnade available to the public.

Reccrnnended polict initiatives and conclusions of the study were issued
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in a separate report entitted ReÞort 36: science for Everv student:

Educatinq canadians for Tcmorrow's World.

ftre State of Science Educaticr¡

Frcrn Project Synthesis, the Science Cowrcil studies, and other

research efforts over the past decade, a clearer picture of the state of

scíence education in Canada a¡¡d the U.S' snerged' While there were

positive aspects to existing science progranìs, the-se studies u¡rearthed a¡d

focused on gaps in progra¡rming. These included the following:

a) Teachers thsrselves were confused abouL the goals of scier¡ce

(KyIe, 1984; Science Cowrcil , L984; Yager, Bybee, GaI lagher & ReffIer,

1982).

b) Large nunbers of elanentary teachers felt ur¡ccrnfortabl e with

science (Bethel , Eliis & Barufaldi, 1982), relied on textbooks for

gnridance (KyIe, L984; science council, 1984), and desned the 'basics' as

¡nore fundarnental tha¡r science (stake & Easley, 1978). In canada only IOB

of school time was allotted to science at the elsnenlary level (Science

Council, 1984).

c) studenLs ç¡ere not prepared for their role as Partícipating

citizens in a scienti fic-technical society (Scíence Cou¡cil , L9S4;

National Assesslr€r¡t of Educational Progress, 1978). Skílls needed for

responsible decision-nnking such as critical probl gn-so] ving, reasoning

etc, were largely missing frcrn science Prograns (Goodlad, t9B4).

d) Students rapidly lost interest in science as they rnoved through
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school (Hueftle, Rakow & welch, 1983). Ninety percent of students being

taught paid no attention to science as adults (Voelker, 1982). As weII.

students tended to pass off ownership for scienqe-society issues to a

group they considered to be more technically elite, the scientists a¡rd

engineers (Flâning, 1987 ) ,

Such evidence suggested that science education was not responding

to the needs and influences of society. Yager, Bybee, GaÌ lagher and

Renner (1982) strnned up the situation in this way:

Science education exists within society. Science education
¡m¡st be responsive to science and education. v¡hen science
education fails to adapt to changes frcrn the related ir¡stitu-
tior¡s a¡rd frøn society, it soon reaches a point of crisis.. 'We
are at such a point. (p.39a)

fhe Desired State of Science Eclucaticn: Where Scíer¡ce is Going

Both Project Synthesis and the Science Coturcil's Report 36 outlíned

reccnnendations for future science education proçfrans. t'lorking separate-

Iy, each group ccnrpi I ed a list of four parallel a¡rd sirnilar sets of goals,

broadly linking changes in science education to a) the personal needs of

students b) societal and political j.ssues c) career awareness and

devel oEnre¡rt and d) nrore advanced science education for those with special

interests and abilitíes.

As its overriding thsne, thè science Cour¡ci I endorsed 'Science for

Al1', a goal of science literacy for all Canadia¡¡ students ' Its four

rnajor goals were identífied as:
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1. Science for Personal Deve I o¡rnent

- to stinnrlate intellectual and ¡noral growth to help

students develoP into rational , autoncÍrìot¡s individuals

2. Science for the Inforned Citizen

- to develoP citizens able to particípate fully in the

political and social choices facing a technologicaL

socíetY

3. Science for the World of Work

- to provide an appropriate preparation for the nrodern work world

4, Science for zuture Education

- to train those with a special interest in science and

technology fields for further study

As part of its report, the Science Council íde¡rtified eight ways in

which changes in science education could be initiated. Also íncluded were

47 reccnmendatior¡s, or strategies, designed to foster a national renewal

in science education'

Through its goals and reconmendatio¡ls, the Science Counci I set the

tone for change. In particular, it stressed the need for connecting

scie¡rce, technology and society elsnents of science education, there-

Iaying the cornerstone for the sTs movsnent.

If we as a society fail to wtderstand the interaction of scíence,
technology and society. ç¡e surrender control of the rnost potent
forces sñåping our world to a technocratic elite' (Report 36' p'13)

gthile the specifics of such sTs links at the classrocrn level were

not included in the Scier¡ce Cour¡cíl report, it was clear that existing
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prograrns and practices, although adequate for the teaching of contenl a¡d

processes, did not nreet the all of the reguiranents for renev¡al .

In general , the science Cou¡rcil's survey showed that at the
early and rniddle years, teachers stress the devel opnent of
scienlific skills and attitudes, and at the senior years, the
learning of science conte¡tt. Technology, the social context
of science, or the Ìri.story of science in Canada are not
systamtj.cal Iy covered ín science courses, usually because of
a lack of time, or because teachers feel that they do not have
the acadsni.c training needed to teach with these arphases.
( Srnnary Lo Report 36, p.5)

In speaking of srphasis, we do not mean scrnething to be taught
instead of a science topic, nor sdrìething to be added on after
the "real." science topic is fínished like the applications
secLíons of some textbook chapters (which are often ignored).
Þrphasís inplies a particular way of teacl¡-ing the whole of a
given scíence topic. (Report 36, page 39)

According to the Science council report, to acb-ieve the broad

goals of science literacy, of wtrich the science-technol ogy-socí eLy

orphasis was a part, changes in actual Prograns and approaches were

necessary.

If{O JIPPROÀCTIES TO SCIENCE-TECTTNOI,OGY-SOCIETY

The Science Council and Project Synthesis directives have spawned

new scj-ence progranrs that have science-technol ogy-society elsner¡ts ' T\'¡o

approaches to STs have snerged. For the sake of discussion in this study,

one witl be called a concepts/process-centered approach. the other an

issue-centered approach. Each aPProach suqgests a different orientation

to STS,

Traditionalty, science teaching begins frøn a knowl edge base' The
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eldnentary science teacher selects a portíon of the laws, principles or

theories already known to science and attenPts to have students grasp

these through carefully chosen actj-vities centered around discovering,

exploring or expanding the concepts selected (Híclgnan, 1984).

In the ccrncepts/procass approach to sTs, the teacher identifies a

core of concepts and processes that are to be developed and u¡rderstood by

students. Issues, probl srs or applicatio¡rs are ccnmonl y structured around

this f rarnework of concepts and processes. Students thus approach STS

through their understanding of scientific facts.

There are proponents of a¡rother view of STS. however. Other sources

suggest that socíeta1 issues, probl srs and applications should be the

organizing fra¡rework. concepts and scientific skílls should be developed

and enha¡ced as they link up to an intensive exarnination of the issues,

probiems or applications (Rubba, 198?; Yager, L986b. 1988; Hiclsnan, 1984) '

Such an approach ís called the issue-centered approach to STs in this

study.

The pilot version (1989-90) of the Manítoba DeparLment of Education

Science Curriculun cuide (K-4) suggests that sTS can be approached in

several ways, but supports a concept-process organizing franeg¡ork:

The methods for incorporating STS are varied. One approach
is to develop a science concept first, fol lowed by applica-
tions,,. Another approach is to introduce the aPplication
first. and conclude with the basic science concept. (p'J.5)
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A DE'INITION FþR STS

While the Scíence Council report stressed the need for a science-

technol ogy-society IinJ<, and through íts recønnendatíons a¡rd goals broadly

described the focus and intent of such a línk' it did not suggest a

definition for STS itsel f .

In keeping with its concepts-process vision of STS, the Manitoba

Science Curriculun Guide (K-4, pilot version) offers this interpretation

of the STS arphasis:

A science, technology and society (STs) srphasis attarpts to
help student understand the applications of science and how
thiÀ relates to Lhe world arorurd them, nakíng science nruch

more releva¡¡t. (p.12)

Such a¡¡ interpretation focuses upon the applicatíons of scíence

without mention of the socio-scienti fic issues a¡rd problsrs which form the

basj-s of the issue-centered approach. Given that there are two conmon

approaches to STS, and in order to prepare for the discussion to follow,

another defin¡ition of STS is offered.

The definition given below incorporates the concept/process terms

suggested by the K-4 curriculun Guide, but extends thern further to include

societal issues and probisrs and the interPretations given than by the

issue-centered approach. Such an exte¡ded vision of sTs, it would seern,

also satisfies the greater goals of the Science Cowrcil, nanrel y the

devel oprnent of a skilled, infor¡ned, and aware citizenry, willing and able

to meet the societal . scientific and technological chal l enges that lie

ahead. For the purposes of this thesis, STS is defíned in the following
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terns :

STS ís an approach to teaching scie¡rce that attenrpts to
connect science taught in the classrocrn with the issues,
probletrs and applícatíons of science in the ctrild's t'¡orld,
making science more real and relevant.

PI'RPOSE OF THE STUDY

Curriculun change is a lengthy, slow-moving process. In the v¡ords

of W,W. charters (L924) z

It rray be said that a change in the curriculun runs on the
average ten years behind the advocating of a change in the aim
of educaLion. And for Lhe curriculun to change to beconre
large enough Lo be noticed, a rm:ch longer period of incubation
is necessary...But even though a change ccrnes slowly and
scnretimes seens infínitesírml , it is alv¡ays preceded by a new
statsnent of Lhe aim of education.

- W.W.Charters,

If Charters is correct, it wouid appear that we are at a midpoint

in this educational shift. We have had a decade of incubaLion', a period

of reflection and a¡ralysis about the sLate of science educabion, a period

where neç¡ directions and aims for science education have been proposed.

Now we are qnbarking on a second era of incubation', a period where these

new directions are reaching the classrocrn level , a period of iru¡l srenta-

tion ínto actual science progralns.

Given the two approaches to 5TS. the concepts/process centered

version is the nìore ccnnìon practice. This ís, in part, because

elenentary science teaching nornnlly begins with the identÍfication and

selection of knowl edge and skills, This is the approach which is most

fa¡niliar to teachers ' Fl¡rthermore, the Ma¡¡itoba Curriculttn Guide supports
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such an aPproach and provides sLructure and resources for iLs inpl snenta-

ti on,

The issue-centered approach to sTs, however, is less frequently

used. The aim of ttús thesis is to examine the issue-centered apProach,

exploríng its rationale, inte¡rt and approaches. to determíne its danands

and expecLations of sLudents a¡rd Leachers, and to assess íts inplications,

applications and ramifications for the teaching of eI ønentary STS'

Four goal areas for ttris thesis have been identified:

I. Based upon current literature, to exarnine the nature of issue-centered

sTs, with particular attenlíon to its raLionale and methods, a¡rd its

expectations of students and teachers'

IL Based upon current liLerature, to develop an organizational framework

to assist with plarninq a¡¡d inpl snenting an issue-centered sTs unit,

IIL Using the proposed organizaLional framework, to pla¡r. develop and

inpl anent an issue-centered sTS unít in an elsnentary classroøn'

ELhnograpt¡-ic research methods will be used to trace a¡d interpret events'

ínteractio¡rs and perceptíons of the participants in the classroom'

This research ai¡rs to exarnine bhree aspects of the issue-centered

unit:

1) Student ResPorses :

In what ways do student percePtions, attitudes and opinions

evolve and change during the unit? How do students "make sense" of
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the issue?

2) Roles and Responsibi lities:

HhaL roles and responsibi I itie-s are assunÞd by the teacher and

student throughout the r¡rit? Hot'¡ do these roles and respon-

sibilities change with each stage of the proposed fra¡nework?

3) Refìections and Recqrmendations of the Teacher

What are the teacher's assessÍÉnts and recc¡rner¡datior¡s

concerni.ng the organizational framework, the selected íssue, and the

issue-centered approach and its inplicatíons for teaching and

el srentary science progranming.

Iv, Based upon the literature review and the research study, to assess the

issue-centered STS approach and its inq¡Iicatiø¡s, applicatior¡s a¡d

ra¡níficatior¡s for teachers and eI snentary science progralrr.

DEE'INITIOT{ OF IEnl{S

In order to prcrnotê clarity a¡rd understanding, these terns have been

interpreted as fol lows:

concept - an idea generalízd frcrn particular and releva¡rt experiences

Þrocesses - the skills, nrethods and techniques of scientj.sts e'g

classifying, rneasuring, inferring, hlpothesízing, identifying and

control ling variables, experi[Enting etc'
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traditional science - science as a distinct disciplÍne, with a Ìrislorical

líneage, that has an established body of knowledge, procedures and

ways of thinking.

conceÞt-process cer.rtered STs'an approach to the teaclúng of STS where

concepts and processes provide the orga¡rizíng f ra¡rework, and

socio-scienti fic apptications, issues and problars are extensio¡ls

of this knowledge/skil l base.

issue-centered sTs - an approach to the teaching of sTs where

socio-sci enti fic issues, probl srs, and applications provide the

organizing structure. In thj.s approach, concepts and

scientifíc skills are developed in the process of examining and

exploring the issue, problern or application'

LI¡{ITATIONS OF 1TIE RËEIRCTI

In this study, the issue-centered tutí t was planned, inpl anented and

monitored in a grade 4 classrocrn. Perceptíons and ínq¡ressions, collected

through journal writings, classrocrn observations and intervi.ews. form the

basis for subsequent discussions about the issue-centered approach.

Because ethnographic research ís an in-depth look at a particular

set of interactions ín a particular setting, extensior¡s and generaliza-

tions to other situations are not aLways possible or appropriate. while

the findings of this study are relevant to the narrow context of this

particular classroom situatíon, in the final analysis, generalizations of

applícatio¡ls, inplications and ranifications in the broader sense - as
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they exLend to other grade levels, other classes, other schools. other

issues etc. - ¡nust be approached ¡,¡ith caution.

ORGAN I ZÀT ION OF TflE TIIESIS

Chapter one has presented the purpose, possible research questions,

definitions and limitations of the study. chapter Tlto contains a review

of relevant literature that explores the nature and rnethods of issue-

centered STS, organizational f ranrer,¡orks, related developnrental theories,

and pertinent research nrethodol ogy. Chapter fhree presents the design of

the study including a description of the subjects and setting, entry

nethods, u¡rit design, and data collection, data analysis, and data

interpretation techniques. Chapter Four contains the data a¡rd its

corresponding analysis and interpretation. Chapter Five preser¡ts a

sr.nrmry of the research, with discr.rssion about the inplications,

applications, I irnitatior¡s and exte¡rsions of the issue-centered approach

a¡rd the research study itself,



Chapter 2 - REVIEW oF THE LITERATURE
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In tÌús chapter, current literature wiII be examined in order to

explore the nature of issue-centered progra¡rming in an attørpt to

delineate its airns, nrethods and approache-s. organizational models for sTs

will thq¡ be exarnined and a cc¡rposite nrodel , the basis for subseguent in-

school research, wiII be proposed. To prePare a background for under-

stanúing and. interpreting studenL respo¡¡ses in the classroom study,

cognitive and nroral devel og¡rent theories will also be considered' Lastly,

the nature and methods of qualititatíve research wiII be examined a¡d íts

features wiII be ccnpared and contrasted r'¡ith those of quantitative

research.

To facilitate these ends, this chapter has been divided into four

parts :

I - The Nature of Issue-Centered Progranrning

II - An organizationat Model for lssue-Centered sTs

III - cogrútíve and Moral Devel o¡rrent

IV - fhe Nature and Methods of Qualitative Research
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I - TTIE NAT{'RE OF ISS'E-CENTERED PRORA¡N.ÍII{G

fhe Ccrrtext of Issue-c€r¡tered SIS

SÍnce an overriding goal of education in the I980s is sciense

literacy. it is useful to exarnine the co¡rcept nnre closely. shen (1975)

views science literacy as three separate, but interrelated forns:

practical , civic and cultural Practical literacy is the possessíon of

scientific a¡rd technical knowledge that has direct applications for

personal develognent. As one exanple, nutrition education rnight be taught

with direct applications by the student as one of the goals. Civic

literacy is the awareness of scier¡ce and technology as they relate to

socíal probl qrs, enabling citízens to act upon civic issues. Cultural

líteracy is the u¡derstanding of science and technology as nnjor hr¡rsn

achievernents. It acts as the thread wtrich brídges the gap between

practical a¡rd cívic I iteracy.

Seen frcrn tl¡.is perspectíve, science education in the traditional

sense aims. at best, to satisfy sc¡ne of the needs of pracLical iiteracy,

but largely igrnores the other two aspects. Science education of the I960s

era has operated from a view that it is an isolated discipline, distinct

frqn other disciplínes and frc¡n society as a whole. science seen in this

way is restrictionistic i.e. science neither affects nor is affected by

social and cultural values. (l'lclnerney, 1985)

Civic and cultural Iiteracy are two goals of sTs progrars. An

involved a¡rd informed citizenry is the aim and traditional aPProaches fall
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short of the goal .

Aikenhead (1985) notes:

Science and technology, like alI fields. are social creations,
characterízed by both objectivity and subjectivíty. logical
thought and leaps of inaginatíon, and nany other humn
attributes a¡rd shortccnrings known to our socieLy. Science has
a hurìan. political , etlúcal a¡rd econqnic context; school
scíer¡ce becomes sterile, separated frc¡n society, Iaden v¡ith
misconceptions. The social sterilíty of the science cur-
rj.cultrn can be seen as r.urwj.ttingl y hanpering social respon-
siblity by interfering with thoughtful decision nnking.
(P' 133)

Thís view is shared by others, including the Scie¡¡ce Cou¡rcil '

(Hickna¡r, 1984; Bybee, 1985; Mclnerney, 1985; Yager, 1986a) White

recognizing the international flavor of science, the Cotr¡ci I proposed that

science a¡d technology are products of culture' As such, "while

scientific knowledge is internatíonal in nature, it is supported

economical Iy, produced, applied and taught in a sPecific national

context". (Science for Every Student, p.40) In order for students to

Iearn of the interplay beLween science and technology, how social/

political cliûtates shaPe a¡rd deterrnine science activity and vice versa,

the council recørmended that science be taught in its social , hístorical ,

and cultural context.

Starting Points

Wt¡-i I e traditional science teact¡-ing begins frcrn a knowl edge base,

there is evidence to suggest that attqrpts to approach STs through a

knowl edge base rnay be futile. In a study by Fl ffring (1984), students
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r.¡ere asked to discuss tr,¡o sTs issues. Inforrmtion packets were provided

to ensure a knowl edge base for díscussíon' Students, however, did not we

thsn. Neither did they view previous knowledge covered in school as being

r¡seful . Flaníng argues that social cognition, rather than scientific

a¡ralysis, dcnrinated the students' thinking ' Issues were viewed frcrn a

different dcrnain. Understa¡rdíng science concepts is not necessarily

related to a student's t¡ndersta¡ding of social organization.

According to Fl sning (l-985):

Teachers who believe that all students require rnore background
science infornation before they are able to tackle social
íssues are naive. (P.207 )

If students approach íssues usÍng Prinnrily socÍal
cognition, then instructors would benefit frcrn aI I oç¡íng
stude¡rts to start in this dqmin' '.issues - the risks' the
effects, and the nature of science and technology -trigger
responses frcrn students. Contørq:orary science instruction
rmrst accept this as a starting point and build on the stu-
dents' initial responses. (p.21"1)

Yager (1986b) proposes that the Ss ín the sTs acronl¡m are in the

wrong order. Properly placed, it v¡ould be better vi ewed as society-

technol ogy-science, He nraintains that society, not science, is the ccnrnon

dencminator for all people a¡rd the STS movgnent would be better approached

through societal issues. Technol ogy - the applications of science for the

benefít of hunankind - is npre concrete, nrore meaningful and nore

interesting than science. It is the coüIecting link between society and

science, In the Yager model , STS begins with societal issues and is

I j.nked to science through technol ogy '

Rubba (1987), when ccnner¡ting on exdrplary STs programs identified
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by NSTA, noLes that a cc¡ûrìon eI gnent of such progra¡T€ is that they use

issues as a starting point. The srphasis is not upon resolution of the

issue, but upon the devel opnrent of investigations a¡¡d action skills that

the studer¡t can incorporate as a decision-rnaking strategy they can apply

later in life, The ccrrmon characteristic of such prograrE¡ is the ha¡rds-

on attsrE¡t to resolve the issue while develoPíng skills in the process.

Yager, Blr¡nck, Binadja, Mccc ìas and Penick (1988) naintain that

knowledge and infornation do not appear to suffer through such an

approach. Referring to studies of STs prograÍE in lowa, they conment:

rnfornation concerning student retention over time has not
been collected, Scrne of the STS efforts have been too new to
perrnit follow-up studies over the spa¡ of several years.
However, since STS students are so ¡nuch better at making
applications and connecting experiences to others, there is
every indication that the infornration students possess is
indeed knowledge, i'e' infornation that is useful ' If
infornation which is mastered ca¡r be used and if it has
meaning for the learner, there is every reason to believe that
STS instruction is providing a rnuch better experience in the
infornration dcrnain. (p.11)

lthile not specifying methods or approaches, the Science Cou¡tci I

reccrmendations would, at the very least, sean to defend the use of issue-

centered STs. since a prinary goal of scíer¡ce education, according to the

Science Council, is the devel opnrent of a responsible, informed and aware

citizenry, one given to active rather than passive involvsnent, beginning

with social issues and problars would sesn appropriate'
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Discovery/ Inquiry in sfs

Wtúle this view of STS is socíety-based, issue oriented, Probløn-

solving and decision-nraking; discovery/ inqui ry techniques have a redefined

position in the program. The f octls, ørphasis and function of such rnethods

differ frcrn Lhose received in traditional science Progralns.

Studies by Kyle, Bon¡¡stetter, Gadsen and Shymansky (1988);

Shynransky, Kyle and Alport (1983); and Breddernra¡¡ (1982) have ccnr¡¡ared the

"hands-on" activity-based approach of the 1960s with textbook orie¡rted

science prograns. They report that the average student in classes using

the new science curricula outperforrned studer¡ts in traûitional courses on

achievernent nìeasures. As well, student attitudes, coginitive skilIs.

probløn-solving abilitíes, process skills, creativity and performance in

related subject areas were also positively enhanced '

Rather than sacrificing content goals for process goals, as neny

predicted, the opposite is true. Furtherrnore, the hands-on, dis-

covery/ínquiry approach is a more stimulating a¡d productive view of

science, one that fosters a chal I enge si¡nilar to the one facing the

scientist.

In e1ønentary science classroørs, discovery/ inquiry methods are seen

as a means of developing content through the use of scientific processes.

In issue-centered STS, discovery/inqui ry technigues serve a¡rother purpose.

crnce an issue or probl.an has been identified, such methods are qrPloyed

as a meaJìs of uneartl:-ing evídence and infornratíon that wíI1 help to

clarify the issue or seek solutions'
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In his description of exdrplary eletnentary science prograrns, Kotar

(1988) qphasizes the connection between "hands-on"/inquiry nrethods and

the link to sTS:

The exerq¡Iary elønentary school science progräm - one that
uses hands-on science projects - stresses the students'
inqui ry and decision-¡mking processes. These progranÉ aim for
an excellence that reflects the investígative nature of
science and its direct applicatio¡rs to the students'Iives.

The goals of learninq should nresh with personal goals.
Chi ldren should learn through scíence how to [ìake rational
decisions and how to evaltrate personal consieçJt¡ences . They
should Iearn how science a¡rd technology help to resolve
society's problars. science should teach our children how to
collect, organize and interpret infornntion' (p. 4)

Holistic a¡rd Interdi-sciplinary Li¡tks

Trad'itional Iy science has incorporatd a mental Process that Bohm

(1983) has calIed fragrnentation or reductionism. In order to nake reality

more corprehensible, nnnageabl e and easy, scier¡ce has been ccnq¡artmental -

ized into separate disciplines. Each discipline in turn utilizes the

scientific ¡nethod, the systanatized ¡neans of separating thoughts and

exanining one ccnponenl while holding others fast. It is a way of

reducing factors to a sinple equation so that solutions can be co¡rsidered.

Reductionist technigues have merits. The rapid Progress in science

and technology over the past century Ís a witness to its effectiveness.

But Bot¡m, Bybee (L9?9) and Nachtigal l (1987) proPose that reductionist

techníques have limitations, too. Bohrn argnres that by concentrating on

fragnents ç¡e lose sight of the whole. Solutions produced wiII be
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correspondingly fragnrentary. He suggests that more than one view is

needed to add up to a total reality.

Nachtigall argues that in nature there is really only one science.

If one aspect is cha¡rged, it affects a¡¡other aspect because everything is

interrelated and interdependent. Fragimentation of the sciences rsnoves

responsibility for change. It beccnres the responsibility of søneone else,

or scÍne other discipline or scnre other 'expert' to prønote change.

Fraçmentation leads to renoteness. a distancing fron reality.

Garmul ewicz (1986) supports this view:

Reductionism leads to a belief that investigating the parts
will produce an understa¡díng of the whole. This approach rnay

be very effective in solving scrne probl srs. but t'¡hen it is
applied to systsns incorporated in the biosphere the inter-
rãIaledness of the problans is ignored' Problsrs are defined
too narrowly in time and space, simple solutions are sought
for cørplex probl qrs, and negative trade-offs of solutions are
not considered. (p. 3)

carnulewicz proposes that the key is not necessarily to do away with

reductionistic techniques, but to balance thqn in a hol istic-hunanistic-

environmental -natural view of science' Solutions and problars have to be

recognized frøn the Perspective of an integrated whole. Within this

conLext, the strengths of reductionism ca¡¡ be r¡sed to advantage.

In order that science be taught on the interface of science,
technology and society in relation to the environment, the
structure of the entire curriculun nust be integrated as ntrrch

as possíble'. ,By integratíng science with other subjects, ar¡d
vice-versa, not only is a holistic perspective of science-
related social issues encouraged, but it will enabl e teachers
to increase the anrowrt of classroom tinre devoted to science.
(p'12)

The case for subject integration is supported by research studies '
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Koballa and Bethel (1984) ccnpil.ed research findings linking science to

other subjecL areas. They report that processes and meLhods found in

scíence are used in other disciplines as welI. F\rrthermore, the

inLegralion of science with other school subjects improves not only the

quantity a¡rd quatity of science instruction and learníng, but also

ber¡efits other subject areas, too, such as reading, oral and writter¡

Ianguage, study skiIIs, rnathsnatics, Iogical thinking and problan solvíng.

Marker (1987), Rubba (1937) a¡rd Charles (1985) propose that STS

instructíon is a s)mthesis of science and socíal studies a¡¡d could be

included in either subject or both. Kobella and Bethel support this view.

Surveys of science and social studies teachers indicate that both groups

identified conmon goals in the broad areas of knowledge, values, beliefs

and decision-nraking skills. Both groups were also critical of movsnents

to ísolate the study of scier¡ce frøn the study of society.

Ko]¡ella and Bethel report that the science-technol ogy-society thane

is relatively easy to incorporate in the el snentary school since there is

a thread of conmon skills and concepts in the disciplines and ofte¡ the

same teacher teaches both subjects.

Values and Realities

Tradítionally, science has espor':sed a value-free atmosphere.

science was empirical , divorced frcrn other disciplínes and the society in

whí ch it fmctioned.

Science wtrich is society-based and deals r'¡ith social issues is by
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necessity value laden, Problsrs are ccnplex and solulions are multi-

sided, with shades of grey ínstead of the black ar¡d white of traditional

science. Decisions rmrst be based on currenl infornation, but with an eye

to future consequences. Science is not always right, nor are artswers

always possible. often there are nìany sides to every issue and rnany

points to consider. (Koballa, 1984; zeidler, 1984; Bybee, 1985; Flsning'

1e85 )

Science presented in this way models real life science. According

to Mahoney (1979). the rnajority of scientists are engaged in questioning'

debate and controversy, Such controversy is the life of science. but in

our traditional teaching fashion we have eliminated the critical nature

of science and have presented science as a series of one-issue simplistic

ínvestigations wíth one-sided solutions. (FIsning, 1985)

By posing value-Iaden problørs and issues. science also takes a step

towards achieving civic a¡rd cultural literacy for future citize¡rs. Bybee

(1985) states it this way:

Class discussion of STS issues helps students develop ínsight
into their current values and assurptions and recognizes the
inportance of being receptive to ideas. It ¡notivates thsn to
develop sour¡d values and to be responsive to change when
necessary, Learníng to apply their skills to solve probl ans
and resolve issues gives students encouraganenl to act, to
participate as citizer¡s ' (p.92)

such an approach is cor¡sistent with the goals proposed by the

Science Cot¡r¡ci I wlrich considered the presentation of a realistic and

accuraLe portrait of science, with all its benefits a¡d I irnitations, as

a priority for science educators. Such a move, the Cou¡rci I felt, would
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help achieve its goal of developing citize¡rs willing and able to deal with

the political a¡d social choices of the future wtrile at the sa¡ne time

prcrnoting another of its goals, the inLeilectual and nroral growth of the

índividual .

The Roles of Teacher and stud€nts

Yager and Penick (1984) examined 50 different outstanding science

programs in Lhe United States and surveyed the more than 200 teachers

involved. Frorn this study, which focused on science prograns that satis-

fied the goals of Project Synthesís, Yager and Penick exlracted a set of

twenty qualities that effective science teachers had in ccnnron, Since the

goals of Project Synthesis closely paralleI those of the Science Council,

it is enlíghtníng to exarnine the list in order to glean a picture of the

acLivities of the STs Leacher/sTs student and sonre sense of issue-

centered. STS as it ís applied in the classrocrn.

The list included, in part, that exsrs¡lary teachers made a

difference by:

- being models of active inquiry

- using societal issues as a foctrs

- being concerned with developing effective ccnrrunication skills

- requiring considerable student sel f -assessrne¡rt

- expecting siudents to question facts, teachers, authority and

know I edge

- encouraging pragnatism
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- providing systsrìatically for feelings, reflecLions and assessments

- asking questions that lead to a s)'r¡thesis of ideas

- being flexible in their time, schedule, eurriculun, expectations

and view of Lhsrselves

- viewing learning as not being bowrded by classroun walls

Along with the conPonents of sTs progranming discussed earlier, this

Iist of qualities gives us a glinpse of the teacher-student relationship

a¡d roles in issue-centered sTS.

In the nrain, the issue-centered teacher initiates, Probes, facili-

tates, guides, encourages a¡¡d investigates. In partnership with the

student, the teacher raises issues and actively explores thern a¡rd possible

solutions. The teacher asks provoking questions, sets the stage for

invesligaLion¿ encourages ccnmu¡¡ication, welcønes opposing views, does

not skirt arour¡d sensitive or moral issues. fosters a cli¡rate of openness

a¡¡d plans for synLhesis, reflection and assessment. For such a teacher,

science d.oes not start or end in the classroom, in a textbook, or in a

sinple experiment, The Leacher draws frorn the total envi ronment and

experiences of the student. For this teacher, science incorporates,

utilizes, and depends uPon other disciplines.

The student in the íssue-centered classroc¡n plays an active,

integral role. Rather tha¡¡ being the recepient of knowledge, "discover-

ing" only what is already predetermined and knor¡n, the STS student gives

shaped and direction to the program by raísíng issues, asking questions,
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seeking understanding, exPloring solutions and evaluating them. The

sludent's Þ,nowl edge and scienLífic skill base - the concept and processes

of science - are developed in the context of issues and problars drawn

from the l¡-is/her own environrnent,

The teacher ín this STS approach is not the center of knowl edge '

It is not necessary to have a1t the ans$¡ers. Indeed, having the ansvters

rnay actual ly detract frcxn the goals of Íssue-centered sTs, Yager (1983,

L987a) points out that eI srrer¡tary teachers often feel inadequate because

they do not possess a strong science background and do not have informa-

tion at their fingertips, Yet, as indicated earlier, interest in science

is strongest in eI emenLary grades. As children move to higher levels

where they encor¡tter specialized subject areas and science-only oriented

teachers, inLeresL and attitudes towards science drop off drarnatically.

Yager attributes the positive attitudes at the el snentarl' level in

parL to Lhe teacher's lack of knowl edge. By admi-tting to not lrrrowing the

answers, Lhese teachers focussed attention on questions, encouraçted

investigation a¡d research, a¡d stinnrlated further thinking. This active,

sol ution-seel<ing process, Yager feels, is closer to the real nature and

Þurpose of science and rnay be one of the nrost essential parls of issue-

centered STS progranrs.
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Table 1;

À Cqrpariscn of the Ai¡rs,
Traditicnal Science and

Traditional Science

isolated from society: neiEher
affects or is affected by
social/cultural values

treats science âs a distinct
discipline, separate from
other dis cipl ines

aims to develop concepts and
scientific ski 1ls

sLarEs with a knowledge base

uses di s covery/ inqui ry teehniques
t.o develop predetermined concepts
and skiIls

uses reductionist techniques

value free

teacher determines the shape and
direc¡ion of the unit

stüdent seeks to masEer content
and skills selected by the
teacher

Methods and RoI es of
I ssue-C€nt ered gIS

Issue-Centered STS

- inrnersed in societyi derived
from its social , cultural ,
historical context

- links science to other
disciplines

- aims to connecL science in
the classroom wiEh s cience
outside the classroom: concepts
and skills are developed while
developing decisionrnaking
sLrategies

- starts with soeio-s c ient if i c
issues and problems

- uses di s covery/ inquiry
techniques as a tool to explore
issues and problems

- reductionist techniques are
balanced with a holistic view

- value-1aden

- teacher acts as a facilitator
in the problem-solving,
decision-making process ;
teacher & student partnership
provides direction and shape
for the unit

- student actively seeks under-
standing of issues and masters
conLent and skills as i! relates
to, and evolves from, issues
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srlrrâry: The Natr¡re of Issue-centered 8TS

Although STS is a relatively new focus in science, there is general

agreenenl in current literature abouL nrany of its essential features. STS

involves social cognitíon as well as knowl edge, requ-ires a more holistic

and interdiscipl inary view, deals with values and opinions. atternpts to

present a¡¡ authentic view of science a¡¡d its relation to society a¡rd deals

vrith problenrs, issues and applications appropriaLe to Lhe develo¡xnental

Ievels of studenLs.

Aithough there is more than one view of STS, the issue-centered

orientation is consistent with the reccnmendations of the Science Cowtcil.

Such an approach starts with íssues. problars and applications of a socio-

scientific nature. In the process of exarnining and clarifying such issues.

studer¡ts and teacher work together to reach understa¡rding and devise

strategies to deal with the íssue. ScienLific concepts a¡¡d skills are

developed in the active process of seeking understanding '

Table I sunnarizes these essential points and cørpares the aims,

methods and. roles of partícipants in tradj.tional science to those of

issue-centered STs.
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II - AN CRCf,NIZATIONÀI, I'iODE, FAR STS

Traditicnal Organizi¡g Models

Toderiveanorganizationalfrarreworkfrcrnç¡t¡-ichtodevelopissue-

cerrtered sTs Progrãns. it is useful to first examine a Lraditional

approach to curriculun design, Hickrìan (1984) argues that in the tradi-

tional r¡vcdel science starts r,¡ith a body of lar,¡s, theories, facts and prín-

ciples believed by the teacher to represent the current state of a scien-

tific discipline. (Figure 1) Teachers use a set of criteria to select

from the organized body of knowl edge the elsnents that are considered

important to the education of children' In doing so they carve out a

segfûìent of Lhe whole body bo present to sLudents:

Screening Form Unchanged

Figru¡e t: Traditisral organizinq Model

Discipl ine

(organized BodY of

KnowI edge )



34

T1+o asstrrptions are inherent to such a method of progranming.

Teachers assune that the íntegrity o! the ¡.¡hol e has been preserved in the

selected portion. Secondly, teachers also presune to know what knowledge

has releva¡ce to the ch-iId now and in the future.

Ítre tticlaran orgarúzing Hodel

Hiclgrìan proposes a¡r alternative orga¡rizíng ¡nodel (Figure 2). Rather

than sLarting wíth a body of knowl edge, the currículun begins with real

life situations. Life is the starting point. The educational process

proceeds as teacher and student conduct a¡r active search for under-

standíng, drawing frcxn the body of knowl edge provided by the disciplínes '

In th-is nodel there is interaction between learners and educators and

betweer¡ the disciplines, Frcrn this active l earning aPproach, conceptual

schqr¡es wi I I devel op ,

Conceptual

Schsnes

F'"t'li'-l F"*rl'*l
Verification

Fignrre 2: HíclfiE¡r organizing Model
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Hickmn defines conceptual schqnes as "the big ideas that one can

we to nnke sense of real-life situations", (p.107) conceptual schenes

are the "mental pegboards", the arrangsnent of hooks on which new ideas

are hung so that the indivídual can make sense of thsn.

When faced r,¡i th a new problqn, the learner evaluates existíng

"hooks" on which to hang new ideas and principles. If an existing "hook"

is not appropriate, the learner creates new ones or rearranges old ones

to acccr¡rodate thsn,

Hiclcnan argues that conceptual schsnes vary fron stude¡rt to stude¡rt

and frcrn siluation to situation. conceptual schernes are interrelated a¡rd

overlap. They form the pattern frcrn whi ch new knowledge is produced'

tesLed a¡¡d reapplied. conceptual schernes are Lhe learner's way of nraking

se¡¡se of the worl d.

such a way of viewíng learning nrodel s the work of the scíentist,

Hickna¡r notes. Existing knowl edge is used in the search for new

understanding. Existing structures and patterns are tested against new

evidence ,

This approach to curriculwn PI an¡¡ingl differs widely frqn the

traditional organizational nrodel . In tlris approach, teachers construct

curriculun, not by viewing a single ilisciPtine and subjectively choosing

a portion. but by asking what "big ideas" studer¡ts should gain. "Big

ideas" rmrst be valid in thsrselves, but also ¡m.rst be applicable to real-

life situations in the present and future. The curriculun Plarurer ¡rn¡st

predict the nrost useful concepLual schsnes and rmrst draw frcrn a bank of
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sources in order to e¡sure that students benefit frcrn their experiences.

The Yager Organizing l4odel

Yager et aI (1988) propose a similarly structu¡ed organizatíonal

schsne. Five dcrmi.ns for scie¡rce education are ide¡¡tified: connections

and applications, creativity, attitudes, processes and knowledge.

(!rgure J,

--- rru.t"-; Society

Eigru.re 3: Yager Organizi¡g Hodel

In tl¡-is STS nrodei, progranming begins with probløre and questions

that are drawn frcrn society as a whole. Ttris is a cooperative ver¡tr¡re

requiríng input frcrn both teacher and student. once the issues are

Appl ications

Connecti o¡ls
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identified, they are analyzed and studied. Connections between socíal

probl erns and science are rmde through technology - the applications of

science.

StudenLs actively seek understanding to clarify issues a¡d to

develop decision strategies' In the process¡ attitudes change and

creatíve applications and solutions are exarnined. Infornntion and

processes are viewed as tools to be used arrd developed as students seek

to resolve issues.

Studies of ttris approach to STS report positive results. Yager

notes that sTs ideas and approaches have been introduced in the classrocns

of 300 teachers in grades 4-9 in Ior¿a, Assessûìent results have shown that

cørpared to students in traditional science Progra¡ns, students in STS

prograns wêre better able to apply infornntion and perform basic science

processes. Attitudes towards science and creativíty measures inproved.

Acquisition of knowledge did not suffer in this approach.

Probl srrSolving llodeIs

Although there are various nrodel s of Probl sn-soi ving, according to

Jackson (1975) these usually encdrç)ass five stages:

1) Forrmrlate the problern (detect, identify and defíne it)

2) Interpret the problsn (develop an understa¡ding of the

probl ern) .

3) construct courses of action
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4) Make decisions (evaluate proposed courses of action against

relevant critería; select preferred actions)

5) Inrpl qnent the actions,

The Proposed organ:izatiøral Frarrerwork

This thesis proposes a¡r organizational frarnework for STS that is

based upon the Hickmn and Yager nodel s a¡d the discussion of 5TS which

preceded than. Its design and sequence also has roots in typical problqn-

solving methodol ogy as suggested by Jackson.

The proposed organizational nrodel for sTS, as shown in Figure 4, has

five stages. Each stage of the model ís outlined below:

1. ISSUE IDEI'¡TIFICATION ANÐ SELECIION:

The sTs program begins wíth the identifícation and selection of a

socio-scienti fic issue drawn frqn real Iife.

2. ISSUE CLARIFICATION/ INITIÃL RESEARC}I

In the second stage, students critically exarnine the issue.

Together with the teacher, they ccr¡E¡i le and study the available infornn-

tion, determine whaL further data rnight be needed a¡rd how it will be

obtained. and collect relevant infornntion through a variety of means

including investigations, media sources, field trips, contacts with

officiais, interviews etc' At this slage the issue is examined a¡rd

clarified agaì.nst a backdrop of knowl edge. Scie¡¡tific concepts and skiIIs

are developed and strer¡gthened in the research process.
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3. STRATECY/ AgI ION PROPOSALS

once the facts are in and the issue is in clear focus, action plans

or strategies are generated' In tll,is phase, students seek a¡rswers to the

question, 'llhaL can be done abouÈ the problsn?", on a nìore personal

Ievel , Lhis translates into, 'þlhat ca¡r gg do about it?".

Proposed actions nny have wide-ranging inPlications. At one end of

the spectrwn, solutions or resolutions rnight be forthccrning. At the other

end, students nny realize that there is littie that can be done or that

much more infornntíon or expertise is needed. Between these two extrqnes

Iie other possibilities of socíal action: publisNng a¡r information

newsletter about the issue. organizing debates or interviews to increase

public awareness, buiiding models that illustrate the problan or possible

solutions, writing letters to offícíals, organizing an asse¡nbly for the

whole school , writing and performing in an issue-related play etc.

4. STRATEçY/ASTION EVALUATION AND SELEqTION:

In the fourth Phase, action plans are evaluated for feasibility.

effecLiveness, social appropriateness, relationship to the issues that

inititated the Þrocess, and other criteria defined by the group' The rnost

plausible strategies are selected and ímpl enrentation procedures are

identified.

5. STRATECY/AqI]ON IMPLEMS¡TATION AND EVA],UATION:

In the fifth stage, bhe selected action plans are iru>I ernented and

nonitored. continual evaluation provides feedback for the students and

teacher a¡rd rnay provide opportunitíes for related issues to be examined,
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III - æ¡¡CFN,AL AT{D I,I3RÀL DEVffOPMENT

Sínce the methods and tasks of the issue-centered approach involve

the devel opnenL of knowledge and concepts, the forrnation of values and

opinions, and the evaluation of strategies a¡rd actior¡s, a discussion of

cognitive and moral Lheory is appropriate.

T!¡o researshers dcnrinate the devel o¡xnental theory realm: Jean Piaget

and Lawrence Kohlberg. Piaget is best known for his theory of cognitive

devel o¡xnent, although sone of his earliest çrork clearly assulÌìes a

relalionship betç¡een the cognitive, affective and ¡nora1 dcrnains. Piaget's

theory of cogrritive devel o¡xnent ínfluenced the later v¡ork of Lawrence

Kohlberg who proposed that ct¡-i ldren's strategies for coqnitive norai

decision-nraking followed a stage sequence similar to that Proposed by

Pía9et,

There are critics who challenge the work of Piaget and Kohlberg'

However, it is not the intention of this discussion to evaluate the merit

or usefulness of these devel oprer¡La1 theories. Rather, ít is the

intention of thís disctrssion to present the work of Piaget a¡rd Kohlberg

as a means of establishing backgrou¡rd infor¡mtion that will assist with

the understanding and inlerpretation of subseguent research findings in

this thesis. The ccnr¡cn assuru¡tíons trnderl ying the tr,¡o theories will be

explored first. This r,¡iil be foilowed by a closer exarnination of each

theory and, lastly, a discussion of the inplications and relationstÉp of

the theories to tlris research study.
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Assurytior¡s of the fheories

Not surprisingly. given the reliance of Kohlberg upon Piaget, there

are scnìe comnon asswtìptions between the two theories. Each theory

envisi ons a sequence of stages involving a hierarchy of capabilities tron

sinrple to more conplex. Each stage is characterized by a consistent

pattern of thinl<ing about, a¡rd orgarrizing of, perceptions, actions a¡d

decisíons. A person tends to be in one dcnrinant stage at a tinre and rrust

pass through each stage before advancing to the next. F\¡rthernrore, the

sequence of stages is the sanre for each individual regardless of culture'

Devel oE[rìent thus involves a continuous evolution ínto nrore advanced

patterns of reasoning, but any índividual nay stop at a particular stage'

Although ct¡-i l dren at a selected age level ter¡d to be in sinilar

stages, each child advances through the sequence at t¡-is own rate' This

devel otrxrer¡tal pace ís governed not by naturation witt¡-in the child or by

simple copying of the envi ronr¡rent frcm outside the child, but rather by

the interaction between the ch-ild a¡rd the environment. as regul ated by the

child.

Table 2 provides a corparison of age/grade relationslúps to Piaget's

theory of cogniLive devel o¡xnent a¡¡d Kohiberg's theory of ¡noral develop-

ment.
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Tabl e 2 Relatiqshlp of Age/Grade to Piaget & Kohlberg

Age/crade Level Piaget's Kolhberg's
coglitive stages Cogrritive-Moral

stage-s

Young children,
ages 3 & up

(Prinary grades to Preoperational - Preconventional
upper elstìentary) Concrete oPerational Stage I & 2

Preadol escer¡ce into
adulthood

(Elementary grades and Concrete operational conventional
into high school ) - Forrnal operatÍor¡s Stage 3 & 4

Adol escence or
early adul thood,

(if at all)
(Junior high to Formal q>erations Post-Conventíonal

high school and Stage 5 & 6
beyond)
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Piaget's fheory of Cogrnitive DeveloFett

Piaget divides cognitj.ve devel opment inLo four stages: sensorimotor

(birth to two years); preoperationat (2-7 years); concrete operations (7-

11 years); and fornal operations (11 years and older). It ís the latter

two stages that are of particular relevance to the eI anentary grade

1evels.

Clrildren at the concrete operations stage are able to perform

operations i.e. nrental acLions that are reversible, however, they are not

yet able to perform abstract reasoning processes' These ctrildren nentally

develop their operations through interactions with objects. only after

having physical experiences with objects are children able later to

progress to using the operations in more abstract ways' In the area of

science, hands-on activíties are essential to the devel oFnrent of concepts.

Formal operatíons nnrk the ability to reason in terns of forrnal

abstractions, to perform "operatíons on operations", to use an abstract

crítería and nnnipulate it logically. CL¡-i ldren in this stage are not

lirnited Lo Lhe facts before thqn' They ca¡r abstract, isolate factors,

mentally and concretely hold variables cor¡stant, forrmriate hypotheses.

generate possible solutions to probl ens, and lest variables. A najor

characteristic of tt¡:is stage Ís the ability to do reflective thinking i'e

t.o think about thinkÍng.
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Kohlberg's 1treory of Coçrnitive Moral lÞvel olnpnt

Inspired by Piaget. Kohlberg focused on n¡cral reasoning, examining

not the choices people nrake in rnoral di I snras, but on the reasons why they

make thsn. According to Fenton (19?8) the Phrase "cognitive nroral

devel o¡xnent" accurately describes the work of Kohlberg and t¡-is col leagn:es.

Three words - cognitive moral devel opnent - capture the
essence of their work, Cogrnitive stresses organized thought
patterns. Moral involves decísion nraking where unuusal
values, such as the sa¡rctity of life and the need for author-
ity, corne in conflict. And devel op,nent suggests that patterns
of tt¡-inking about nroral issues inprove quantitatively over
t.ínre. (p. 52)

Kohlberg identifies six stages, at three levels of ¡roral develop-

ment, The three levels are discussed below:

Level 1: Preconventional Level

This level includes stage 1 (Heteroncrnous Morality) and Stage 2

(Concrete Exchange and Individualism) ' This first level most often

characLerizes children's moral reasoning, but nrany adolescents and adults

also ery¡Ioy tl¡-is outlook, A person operating frc¡rn tlús level approaches

a moral issue frqn the perspecLive of the concrete interests of the

índividual involved. îhere is interest on the concrete consequences the

individual would face, not in what socíetT defines as the right v¡ay. At

Stage 2, action consists of acting fairly, the 9oa1 being to serve

one's own needs and interests while recognizing that other people have

their own rights a¡d interests, too'
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Level 2: Conventional Level

This levet r.rsual ly arises during preadolescence' ccñìes into more

prøninent use during adolescence and often rgmins the dcrninant thinking

of most adults. Attitudes at ttris level are typified by consideration of

group or socíeLial norms and expectations. Included Ín tt¡-is level are

stage 3 (Mutual Interpersonal Expectations) and Stage 4 (Social Systsn and

Conscience), At Stage 3, "right" action Ínvolves good nrotives, nraintaín-

ing long-term rel ationsl:-iPs. a¡rd living up to socially defined roles. At

Stage 4, "right" action involves fulfilling one's defined duLies and

obligations a¡rd contributing to the good of the whole. Most adults use

Stages 2.3 and/or 4 predcrninantly '

Level 3: Postconve¡Lional or principled level'

At stages 5 and 6, the individual can see beyond the given norms and

laws of his own society and nny ask questions about the Princíples upon

which any qood society is based. This level is the rarest - only a snral l

percentage of adults operate at Stage 5 or 6 levels.

Essenlial to Kohlberg's theory is the connectíon between cognitíve

devel o¡xnelt and moral develo¡xnent. Al though it nray not be the only pre-

requisite condition, devel oFnrent of cognitive stages is a necessary

condiLion for the devel opnent of parallel soci-o-moral stages.

People adopting a preconventional PerspecLive are t¡-ighly
conãrete in their approach. Th-is suggests that their moral
reasoning is based on either the Preoperatíonal or the
concrete operational stage of cognitive devel opnent. People
adopting a conventional persPective consider the more abstract
issues òf what their society would expect of thsn. They are
using noral reasoning that is based at least on beginningr
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formal operations. People adopLing the postconventional
perspective think in the purely fornral categories of what
would be the best soluLíon given these nroral princiPles' They
are using reasoning based on advanced or consolidated for¡nal
operations (Hersh, Paolitto & Reimer, 19?9, p.65)'

of particular importance for this thesis is the shifL beyond

atLiLudes of egocentrism which is noticeäble as cl::ildren move frøn a Stage

1 posture to a SLage 2 posture. To rmke tt¡-is nrove the child must first

develop concrete-operational tlrinkÍng :

The ability to take the role of a¡rother person is a social
skill that develops gradually frcrn about the age of six and
proves to be a turning point in the devel otrxnent of moral
judgernent. If we accept Kolhberg's definition of moral
judgsnent as the weighing of clairns of others agaínst one's
own, it sLands to reason that only when the child can take the
role of the other, and perceive what the oLher's claim is. can
he weigh his or¡n claim against the other's. (Hersh, Paolitto
& Reimer, 1979, p.49)

Several assrrrptions a¡,rd conditions are at the core of Kohlberg's

Lheory. or¡e of these involves the distinction between functioning levels

and understa¡¡ding levels. f'lhile individuals nay fr.r¡ction or operate frøn

a certain nroral stage, they can understand beyond it. Individuals ca¡

r:ndersta¡rd moral argunents at their own stage, at all. stages beneath their

ov¡n, and usually al one stage higher than their own.

Underlying Kohlberg's theory, too, is an assurption that moral

judgsnent is a necessary condition, though not the only one, for moral

action. Before one can follow and apply rnoral Princíples, one rmrst

ur¡derstand and believe thern, Action, however. does not always follow

understanding .
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The idea that cogniLve moral deve I o¡xnent can be facilitaLed through

struclured experiences is a key feaLure of Kohlberg's theory. Fenton

(I9?8) stresses the ímportance of conflict to moral growth:

But if people develop nalurally through the stage, why try to
facilitate devel o¡xnenL in schools or conmunity organizations?
Because nnny people reason morally at stages r'¡el I below those
wl:-ich Lhey could reach u¡der better conditÍons . . . They faiì' Lo
develop nni.nly because they have not had experiences wh-ich set
up the cognitive conflict leading to stage changes. (p, 55)

According to Kohlberg. stage tra¡siLion takes place prirnarily

because encounLering real life or hypothelical noral dilsnnas sets up

cogrnitive conflict in a person's rnind. Research l ends support to ttûs

view. Sludies by Rest (1969), Dubinsky (1976), Keasev (1973), Turie1

(1966) and Turiel & Rothnran (I9?2) have shown that students who par-

tícipate in moral díscussions show sigmificant increases in the stage of

nroral thought that they conmonly use.

Inç¡l icatic¡rrs of the Theory

While neither theory suggests that all ch-i ldre¡¡ operate frorn a

parLicular level of reasoning at all times, each does suggest thaL there

are scrÌìe age-typified paLterns. According to Piaget, children at the

elementary grade levels are cømon1y in the concrete-operational stage of

cognitive devel opment. According to Kohlberg. wh-ile scnre children at the

rnid-el srrentary grades rmy operate at a Stage I or Stage 3/4 level , most

wiII maintain Slage 2 reasoning. Stage 2 begins to develop among sèven

and eiqhL year olds and rsnains the dcrninant stage throughout the grade
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school years.

Such views of child devel opnenl have inplicatíons for the selection

of issues, problens and applications, the methods and approaches used to

explore thsn, and the values, judgsne¡rts and decisions nrade about thsn.

1) The Selection of Issues/Methods and Approaches

Issues, problsns and applicatíons selected for study in the issue-

centered approach rlüst, according to Piaget, have direct, concrete I inJs

to the ch-ild's world' They can be neither too abstract nor too far

rsnoved frcrn practícal experience' Furthernpre, the methods used to

exarnine, explore and clarify the issue rm.st íncorporate personal , physical

experiences if children are to establish mental strategÍes and conceptual

franeworks. "Hands-on", concrete experiences are essential '

The inportance of such links are recogni zed by the science council:

Young children need to learn about scie¡lce through experíences
ín their innrediate environnrent. Junior high students can begin
to appreciate that scientific activíties give rise to choices;
and neking these choices involves value decisions on a
personal and societal level . In the senior years, students
can becøne ¡nore av¡are of public issues related to science and
technology and of the political choices involved. ( sr¡nnary of
Report 36. page 8)

The Science Council proposed that sPecial attention should be paid

to the i¡rmediate envi ronrnent of the student at this level . that issues be

of a more local than national or internatíonal nature and that teaching

should nraxirnize the child's innate curiosity of the natural , physicai and

technological world about trim'
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2) Issue Perspectives

Cognitive moral decision rnaking is at the core of strategy

proposals, evaluation and implanenlation. Decisiorls have to be rnade,

vieq¡oints evaluated, values/morals corsidered. The work of Kohlberg has

direcL inplications for this process.

Typically, cl::ildren at this age adopL a Stage 2 stance' Fairness

is a key issue, wiLh the nrain concern being one of serving one's own

interests and needs whíIe recognizing that oLhers have rights and

interests, too. Fairness involves everyone getting an equal share or

cha¡¡ce. cl¡_i ldren at tl:-is stage characteristical l y are aware that everyone

has interests to pursue and that these can clash. Right is relative in

the concrete individualistic sense.

According to Hersh, Paolitto & Reimer (f9?9) this aspect of fairness

has positíve and negative for¡ns. In the positive form, children evaluate

and expect equality in the distribution of goods and benefits' People of

equal status deserve equal shares, The negative form, however' concenìs

the aspect of jwtice, Wrongdoing is defj-ned as concreLely harrning

soneone withouL due cause, Jr¡stice is cørplete when the Punishment

natches the crime -elhen the wrongdoÍng is returned - when the act is

reversed. Acts are considered good only if they have positive consequen-

ces for the individual .

In the issue-ce¡rtered approach, it is likely, then, that most

students will be able to understa¡d issues in terrns of their personal

consequences to the individual þ issue wiII pose a npral diisnna if it
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appears to be urfair or unequa I to the individual and others. Justice

wiII dsm¡¡d that the inequality be corrected and personal rights are

preserved.

According to Kohlberg, chj.ldren can tu¡derstand moral reasoning

beyond their functional level , For this reason, and because some children

at the elqnentary grades nay operaLe at the conventional ievel , a stage

3 perspective nray be adopted to issues. Characteristical l y, children at

this stage are aware of shared feelings, agreanents, a¡rd expectations

wlÉch override individual inLerests. They can steP outsíde of the two-

person perspective that is typical of sLage 2 and look at íssues form a

third-person perspective. In effect, they can put tharselves in the shoes

of someone else. Whj.te Stage 2 involves looking at fairness ín terrns of

one's own interests. a clrild at stage 3 ccmpares actions to the expecta-

tions and standards of olhers which is an initial conception of a social

system.

Individuals with this nroral outlook wiil look to a type of group

rule as a means of providing a fair resolution to an issue. Typically,

the Stage 3 person wilt seek external approval frorn a legitinate source

of authority in deciding whaL is nrorally right.

3) Moral Conf I ict

Aside from the perspective ctd ldrer¡ use in dealing with rnorai

di I snnas, the Kohlberg theory has further inplications for the issue-

cenlered approach. Since ch-i I drer¡ ca¡¡ understand beyond their functional
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level , and because moral understanding can be advanced Lhrough moral

conflicts, discwsions are a key feature. Edwards (198I) addresses the

rnatter of moral conflicL:

Mora1 discttssions are an inportant way ín which teachers can
help cl:-ildren to develop an awareness of rnoral issues"'
whelher real or hypothetical , the problsrs presented to
clrildren should be qenuine rnoraL conflicts -ones in which the
issues sesn significant a¡d in which there is no one right or
wrong answer, A genuine moral conflict has "ríghl" on boLh
sidei, and that ís why it nnkes people sit up and tluink '
(p, 170 )

Besides selecting conflicts which have "right" on both sides,

Edwards also feels that the way that a teacher deals with conflicL in

discr.rssion is a key faclor in the advancenrent of moral growth'

Hhere the conflict is genuine, the teacher's goal can honestly
be to encourage each child to express a position a¡d explain
why he or she has taken it. Your¡g children cannot exPress
cornplex Positions, but they can begin to feel they have ideas
*a gn"t moral positions require thought and justificatíon'
Durìng the dj.scLlssion, childre¡r will get the chance Lo hear

"tt"wei= 
that vary in their level of nraturity ' Because

children thenselves naturally prefer more adequate reasons to
less adequate ones, teachers actually prønoLe devel opnenL most
effectivéIy by not evaluating children's answers and by
instead reinforcing the critical stance that is the beginning
of moral autoncrnY. (P. 170)

Durinq discussion in the issue-centered ur¡it, particularly when

strategies and actions are being raised and evaluated, the teacher plays

an essential role in the advance¡nent of moral thinking by naintaining an

honest, open and accepting clinraLe in whi ch opinions can be expressed'

In addítion, by seeking explanations and validations for expressed views,

the teacher enhances the critiguing process wtrich is a¡r essential part of

moral devel opment.
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Tço paradigms dominate the research field - the quantitaLive

paradigm and the qual ítative paradigm. The quantitative paradígrm is the

most conmonly used, particuiarly in the field of science-related research.

Despite its scíence-based content, however, this sludy utilizes qualita-

tive means to collect and analyze data' To better ur¡derstand the scope.

approaches. strengths and linritaLions of the research ¡nethods used in this

Lhesís, the qualitaLive paradigrn is díscussed below a¡rd its features are

cøn¡rared Lo more cørmon quantitative rethods.

The quantitat.ive paradigm. also known as the ends-neans, srç¡irical/

analytic, experimental , theoretical , a¡rd scienti fj.c/ techní cal node, has

ils roots in the scientific method and job/work analysis techniques that

evolved at the turn of the centurY.

The qualitative paradigrm has also been called the herrner¡eutic,

situational , phencnenol ogical , naturalistic, pragr¡ratic, and ethnographj-c

paradigim. The qualitative mode as it applies to educational research is

derived from approaches used in a¡rthropol ogy, Its influence as a tool of

educational research is associated rqith the Philosopb-ical views of John

Dewey, Joseph Schwab and others in the progressive educational movsnent.

Ihe Pur¡rosas of Rese¿rch

9ua¡rtitative research relies upon reductionist methods, By

isolating and limiting variables, the quantitative researcher attsrpLs to
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deterrnine the influence of factors upon one another. The airn is to narrow

down the field of study through selective and controlling nìeans so thaL

a relaLionship can be stated between variables,

In qualitative research, however, the inter¡t and focus is different.

The aim is to achieve in-depth undersLanding of a phenønena through a

study of its events and interactions in the social context in wÌúch they

occur. Rather than reducíng the field of sLudy by narrowly restricting

its parameLers, it attøÍpts to actrieve understanding of the situation in

its entirety,

ån overrj.ding pranise of qualitative research is that a¡¡ understand-

ing of the whole is not ac}¡-ieved through the sun of its separate parts

i.e, a¡¡ understa¡rding of the pherromena can¡¡ot be had by nrerely totalling

various isolated cørponents, An rurderstanding can be achieved only by

examining the whole ín the context of all the interrelated factors'

The researcher strives to r¡¡¡derstand the gestalt, the total-
ity, and the r¡nifying naLure of particular settings. This
holistic approach assu¡nes that the whole is greater than the
sr¡n of j"ts parts; it also assunes that a description and
understanding of a program's context is (sic) essential for
r.rnderstanding the program' Thtts, it is j.nsuf f icier¡t sinìply
to study and measure the parts of a situation by gathering
data about isolated variables, scales, or dimensions.
(Patton, 1980, p.40 )

Probl qrs and HYPotheses

In gua¡rtitative research, the ínvestigator states a narrowly defined

problsn area and a predetermined hypothesis at the outset of the study.

In gualítative research, an i4vestigator may have a general set of
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questions when entering the field situation, but these are not viewed as

precise or restrictive. Ccnrnonl y, research questions a¡rd hypotheses

evolve inductively as investígators beccme inrnersed in the study '

Gallagher (1988?) contrasts the issue of quesLions and hypotheses

between qua¡Litative (experinrental) and qualitative (ethnographic)

research thís way:

A nnjor dífference betwee¡r experimental and ethnographic
research, at this point, pertains to hypotheses. In the
experimental approach, the conceptual context would lead to
deãuction of hypotheses that wouid be tested by the research'
Thr.rs, the conceptual context plays a central role in determin-
ing the focus of experinrental research. It determines what
is to be exarnined, and by inplication. the procedures are
tightly specified through a logical , deducLive process' In
ethnographic stud.ies, the conceptual context is just that" 'a
conteiL.- In the forrner case, the conceptual conLext defines
and proscribes the hypotheses to be Lested in a deductive
fashion; whereas, in the case of ethnographic research,.it
esLablishes the dornain of the research in a more inductive
sense. (p.I)

Slavin (1984) further addresses the issue of objectivity in

ethnographíc research:

The critical task in etbnography is rmintaining objectivity,
not ailowing Preset ideas to cloud the interPretation of t'rhat
ís happening. As the ethnographer gains understanding of the
dynarnics of the social setting, he or she nray form tentative
hipotheses and then conduct additional observations to explore
thern, (p.71)

Methods

In quantitaLive research, ¡rethods are stated and pI anr¡ed before the

start of a¡r ínvestigation, once set in nrotion such methods ca¡not be

changed rnidstream without tainting the data and its ínterpretation'
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In qualitaLive research the case is quite different. The researcher

enters with a rough framework or design, but ttris is consídered f]exible.

As new perspectives surface in the context of the study. new directions

may be taken. Methods evolve a¡d take shape in the líght of interpre-

tations.

All meLhocls associated with qualitative research are charac-
terized by their flexibility. As a consequence researchers
can turn this to their advantage as a rigid framework in which
to operate is not required. Researchers can. therefore,
formulate a¡d reforrmrlate their work, nny be less cørmitted
to perspectives which may have been rnisconceptual ized at the
begin¡¡ing of a projecL and nny nrodi f y concepts as the collec-
tion a¡rd analysis of data proceeds. The advantage to tt¡-is
approach is that the researcher has littie reason to terrninate
a Àtudy through lack of ccnmiLnrent to a set of standardized
methods of data collection. (Burgess, 1985. p.8)

Data Col lection and Interpretatiøls

In quarrtíLaLive research. data are collected inE¡ersonal ly and

arronymously. Data in the form of ntrnbers and statisLics are presented via

tables, charts, formulas and equatior¡s. Interpretations are extracted

frorn the dala through deduclive techníques. The enphasis is on results,

on natchring conc l usj- ons with predeterrnined purposes, on achieving

credibility through ntrnerical statsnents of rel'iability and validity.

In qualitative research, the collected infornation tends to be less

concise and more volr¡ninous. Descriptions, quotations, vigrnettes, and

conversations form the bulk of Lhe data'

In their search for u¡rderstanding, qualitative researchers do
not red.uce the Pages upon pages of narration and other data
to nt¡nerical st'rnbols. They try to analyze it with all its
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ríchness as closely as possible to the form in which it was

recorded or transcribed' (Bogdan & Biklen, 1982, p. 28)

Rather than being anonl'nrous and impersonal , the investígator is an

integral part of the study. In his struggle to derive meaning and

understanding, the researcher questions, evaluates and adjusts his own

perspectives and interpretations in the light of the evidence. The

process of daLa collection a¡rd data analysis occur simul taneously, As

data are collected, thsnes and categories evolve, interpretations a¡d

Lheories take shape, and all of these influence the direction further ín-

situ observatior¡s and interpretatior¡s wilI take.

Just as researchers are able to formulale and reforrmrlate
their studies on the basis of a flexible research design, so
this elsnent of flexibility occurs throuqhout the collection
and analysis of data. These eI err¡ents of the research project
are not part of a linear process but occur alongside each
other, Indeed, data are not usually collected to support or
to refuLe hypoLheses but categories and concepts are col Iected
during the course of data collection. The theory is therefore
not superimposed upon the data but ernerges frcrn the data that
are collected. (Burgess, P. 9)

In reporting and a¡ralyzing the data, the researcher's task ís to

present interpretations of meaning and understanding through the

categories and thsnes that have evolved in the sludy and to present

evídence to the reader via collected observations, conversations and

writings Lhat such interpretations are indeed Iegitinate ones. The data

must be a fair representation, suj.table enough to support the interPreta-

tions nrade, Since t.he interpretations are situation-speci fic, replication

of the study and predictions beyond the setting nny not be possible.
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The completed research report represents a "frozen slide" in
the fíIm, as ít were, of the researcher's process of corn:ing

to u¡rderstand the situation. Hís own understandinq continues
to develop, whereas the report rernains static and open to
reinterpretaLion over tíme by its readers. (Werner & Rothe,
P. 106)

Measures of Tn¡stworth:iness

Accordingr Lo Guba and Lincoln (198I) quantitative and qualitative

inquiry must satisfy four sirnilar and para1lel tests of rigor for

establishing trust in their ouLcønes: truth value, applicabilíty,

consistency and neutrality. Each of these nreasures will be discussed in

the context of a quantitative frameç¡ork. then wiIl be more closely

exa¡nined from a qualitative viewpoínt.

1, Truth value

TruLh value is concerned with establish:ing confidence in the truth

of the findings, In quanbitative research truth value is associated with

internal validity wl:-ile in qualitative research an anal ogotts term is

credibilítv, The qualitative inquirer is concerned with testing the

credibility of l:-is findings and interpretations with the various sources

or groups frøn wlrích hj.s data was drawn,

credibilily is maintained in the field through nrsnber checks ' This

involves "taking data and interpretations to the sources frøn which they

were drawn and asking directly r'¡hether they believe -find plausible - the

results. This process of going to sources is the backbone of satj'sfying

the trulh-vatue criterion." (tincoln & Guba, 1985, p.i-IO)
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credibility is furLher enhanced if the researcher draws dala from

several sources and by several nethods, then uses techniques of triangula-

tion and cross-exarnination to analyze and interpret the varied bits of

evidence, In trianguiation, propositions are exposed to facts a¡rd

assertions frorn the data sources or developed using different nrethodol -

ogies to check for consistencies or incongruiLies. In cross-examination,

the researcher exanrines the urrderlying biases, values, assurq¡tions, trade-

offs or flaws wldch might influence assertions or proposítions.

2. Appl icabi I ity

Applicability refers to the extent to r'¡hich the findings can be

appliecì in other contexts or with other subjects. In quanLitative

research this is known as external validity or general izabi I ity.

Sinee qualitalive research aims for understanding of a selecLed

situation as a whole, applications to other situations rmy be lirnited.

Whether or not information is generalizable is a function not
only of the degree to which the locale of the study is in facL
a "llice of 1iie", but also of v¡hether that particular "slice
of life" is representative of other "slices of life". (Guba

and Lincoln, 1981, P 116)

Guba and Lincoln propose that fittincrness rather tha¡¡ generalízation

is a more suiLable concept for the qualitative researcher.

Evaluators ought not to ttrink in terrns of generalizations that
have søne kind of enduring trulh value. Rather they ought to
tt¡-ink in t.errns of working hypotheses and of testing the degree
of fit betr¿een the context in wlrich the working hypotheses
were generated and the conLext in which they are to be next
applied. Fitting¡ness, rather than generalization, is the
naturalist's key concePt. (p.If9)
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3, Consistency

Consistency relates to the issue of replicability i.e' ca¡ the

inquiry be repeated to obtain the sa¡ne or sinrilar results? In quantita-

tive research replicability is understood as reliability,

According to Lincoln a¡d Guba, since the aim of qualitative research

is sítuational understanding, replication is not an issue. l4ore important

is the naLter of internal consistency as expressed in the concept of

audibilitv. Audibilj.ty suggests that a second evalualor should be abie

to arrive at the same conclusíons as a previous evaluator when presented

with the same worli or evidence. In pracLice, then, a researcher's data

should be a representative sampling of the situaLion, open to audit and

interpretations by oLhers. After exandning the work of a qualítative

inquirer, oLhers should be able to rmke the same conclusions, propositions

and inLerpretations .

Schatznran and strauss (1973) stress that such an audiL must

necessarily include the conceptual thernes and categories of the resear-

cher:

That a¡rother observer - wiLh or without the same general
framework or perspective - rnight develop a very different
analytic schane, conceptual ¡nodel . or metaphor is to be
expected....It is only when an independent analyst is given
the original researcher's categories a¡rd propositions that he
can possibly arrive al the same conclusions ' Without these
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categories and linages, another analyst - even if traíned in
the original researcher's own tradition - would create his own

leads to follow or to develop. (p, I34)

4. Neutrality

A reqr.rirement of research is objectivity or neutrality' The

quesLion ashed is: How can the researcher confirm that the findings of

the inquiry are a function solely of the subjects and conditions of Lhe

inquiry and noL of the biases, interests and perspecLives of the inquirer?

In quantitative research, two approaches are used to secure

objectivíty. First, researchers dísassociate themselves frcrn the study

through the uses of tests, physical instrunents and other impersonal data

probes. Secondly, decisions about research design and data collecLion

procedures are nade before research begíns tu¡der the assu-nption that such

a priori decisions decrease the likelihood of personal biases.

Such approaches to neutrality are not tra¡rsferabte to qualitative

desiçms. The issue beccnres noL one of intrinsic objectivity in the

research design or objectivity on Lhe part of the inquirer, but confirm-

abilitv of the information once it has been obtained, To Lincoln and Guba

tÌús mea¡:s tralsferring the burde¡r of proof frøn the investigator or the

methods Lo Lhe data itself.

In the process of esLablishing truth-value (credibility)
the inquirer aLso confirns the neutrality of his interpretaLions
and propositi.ons.

The issue is not the intrinsic objectívity (ín the qualitative
sense) of the rneLhods used to generate inf or'¡nation or the
objectivity of the investigator, but Lhe confirmability of the
ínÈor-nralion once it is obtained. In that regard, the methods



for establishing truth value discussed earlier seem appro-
príate : triangul ation, cross-exarnination, persistent observa-
tion, mernber checks, and testing of congruence wilh referen-
tiaÌ adequacy rnateríals. (p' I25/126)

In srnnnary, then, the quantitaLive concepts of trusLwortL¡-iness -

ínLernal validíty, external validity, reliabilily and objeclivity - car:not

be directly translated to the qualíLative paradigrm. Instead, in

qualiLative research the inquirer eslablishes trustrvorLhiness through four

parallel Lests: credibility, fittingness, audibility and confirnabiliLy'

ln practice, t rustworthíngness is enhanced ín the fieicl if the

researcher collects a wide varíety of data in several different ways'

Then, as data is analyzed and interpreted, a process that is con+'ínuous

and on-going, the researcher furLher esLablishes Lrustworthingness by

conclucting member checks with the princípals, and by subjecting Proposi-

tions to tests of triangulation, cross-exarninati on and further observa-

tion. In the fj.nal stage, conceptual lhsnes and interpretations along

with representative evidence in the form of quotes, vignettes and

ol¡servations are presented for audit by others.



Chapter 3 - METHODLOGY
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As indicated by the goals raised previously, this research study

has attorpled to seek understanding of the events, interactions and

decisions involved ín the issue-centered STs approach as it applies to arr

elerrentary classrocrn situation. of particular interest were the processes

partícÍpants used to "rnake sense" of the issues, Lhe thoughts a¡d

impressions of the individuals in the class, and the reasons belrind

decisions, As well, the study explored the reflections and assessnents

of the teacher and stude¡lt teacher r'¡ith regards to the issue-centered

approach and the unit itself' Because of the in-depth nature of this

situational study, an ethnographic study was desned the most appropriate

research method.

Ttr-is chapter exarnines the following aspects of research methodology:

I - The SubjecLs and SetLing

I I - trtry

III - The Issue-Centered Unit

IV - Data Collection Techniques

V - Data Analysis and Interpretation

T - TTIE g]BJECTS AI,ID IIIE SEFTING

The research was conducted in a grade 4 classroqn in an open area

school of 405 students in south Wiruúpeg ' The participants included

eighteen grade four students, their hcrnerocrn teacher and a fourth year

student teacher.



65

The school was divided inLo grade leveL areas. The grade four area

consísted of three separate classes arranged in a loose L-shaped pod that

was separaLed by waLls and dividers frorn other grade level areas in the

school wl:-iie Lhe three grade 4 teachers team-taught nrath and language

arts, each individual teacher was responsible for teach:ing science to her

ov¡n homeroom cl ass .

The participating teacher had extensive teaching experience, having

taught nrost subjects to grades 3 to 6 in her twelve year career ' She had

a strong science backgrou¡rd with a B'Sc' degree (botany/qeography) and a

B.Ed. degree (science 4-9). Having an interest in science in general and

in STS in particular, she had drawn students' attention to applications

and issues in previotts science units covered in the year, but had

approached thsn through a concepts/process base. Tt¡-is was her first

experience with an issue-centered approach Lo sTs.

The student teacher was in her final term of a four year school-

based program (B.Ed.) in the Faculty of Education at the University of

Manitoba, Al though she had been in the classroom on a once-weekly basis,

she had just starLed her final student practicun - a nine week block in

the grade 4 classroon. Her background in science was lirnited to high

school courses, a university level earth-pl a¡¡etary science course, and a

curriculr¡n and instruction science nethods çourse in her fínal year.
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of the eighteen studenLs in this grade four class, 10 were gírls and

B were boys, ranging frorn 9 to ll years of age. The class was grouped

heterogeneous I y, with a cross range of abilities, ínLerests and rnaturity

Ievels.

I I . ENIRY

In late February and early March, several weeks prior to inplsrenta-

tion of the unit in the classroom, neetings were held with the teacher and

student teacher for the purpose of establíshing rapport, clarifying the

goals and nÊthods of research. identifyíng an issue-cer¡tered topic, and

delineaLing the roles and expectaLions of each of the participants.

In mid-March, a week before inplsrentation, the researcher was

introduced by Lhe teacher to the students. The teacher explained that the

researcher was interested in a forthccrning science unit students would

soon be doing, Students were told that the researcher would be presenL

during science classes to observe the lesson and, at tílnes, rnight call

students aside to talk to thqn or to interview thsn, As well, students

were told that the researcher would be reading journal entries and nright

use these when reporting the results of the study,

The right to privacy a¡rd confidentiality was guaranteed to all

participants. As well. participants rnaíntained Lhe right to withdrav¡ frcrn

the data collectinq activities of the researcher at any tine without

penalty. Journals entries were to rarnin anonlnnor.rs, but for the sake of

claríty and understa¡lding Lhe researcher retained the right to correct
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thespelling and granrnar as degred necessary so long as the content of

writing rermined intact.

In order to farniliarize students with the researcher's presence, he

renained as an observer during a subsequent arl lesson, and returned on

a later date to observe a science project fair involving the whole school .

A note was also senL to parents explaining the researcher's presence,

intenL and research nrethods (See Appendix A).

III - IÏIE ISSJE-CEI{IBE) T'NIT

Working in conjur¡cLion with the teacher a¡rd student teacher, the

organizational franework was used to sequence an issue-centered sTs u¡it.

The topic of snow-rsnoval and snow-drrntr¡ing was selected by the teacher and

researcher for several reasons. The issue bordered on the interface of

science and society, It overlapped a curricult¡n unit entitled "Ífater and

La¡rd" whj.ch the class had previously studied. The topic of snow-rsnoval

was a seasonaÌ one, too, and the issue of snow durping been raised

recently in the news media.

Two snow-dr.nrping sites in the city were selected for study ' one Þ¡as

the Waverley Street site which was a short dista¡rce away frøn the school '

The Waverley site was stationed in a field and had a drainage-dítch systøn

to the Red River, The second site was the Lyndale site, a dwping site

directly on the ba¡:Jrs of the Red River'

Consistent with the raLionale behind issue-centered STS and the

proposed framework, the unit was not pI anned in detail at the start.
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Ðaily student responses deterrnined rm¡ch of Lhe direction of the unit. Pre

and post class meetings were arranged with the teacher and student teacher

for the purpose of discussing the shape of the w¡it. clarifying and

verifying pertinent observations and deciding upon the fornat a¡rd

direction of Lhe next lesson.

IV - DATA COLI,ECTION TECTINIQI,'ES

A variety of data collecLing techniques were utilized. The

researcher altended each class and recorded observatior¡s, conversations

and interacLions in Lranscript form.

Each of the participants also kepL a journal . The teacher a¡d

student teacher recorded percepLions, ímpressions and interpretatior¡s at

the end of lessons or when they perceived a need for reflection and

clarificaLion or in response to specific questions or thqnes posed by the

researcher,

The studenLs also wrole in a notebook, Half of the notebook became

a daily log where inforrnation and relevant content was recorded. The

other half of the student notebook served as a journal where students

recorded their perspectives and opinions, scrnetimes in free verse, at

other times in response to a specific Lhsne or guestion raised by the

teacher ,

To further suppl snent the data, infornal interviews were conducted

wiLh the participants during the urit to clarify or verify observations.

inpressions or interpretations. At the close of the t¡¡rit, more structured
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interviews were conducLed. The Leacher a¡rd student teacher were asked

to respond in writing to a series of questions presented by the resear-

cher (Appendix B). oral interviews were held with students. Their

responses were taped a¡rd laLer trar¡scribed (nppendix c).

V - DATA ANALYSIS AND TNTERPREIãTIOT.¡

observations and iru>ressions gathered during lessons. frc¡n journal

enLries or inLerviews, çtere processed after each session. Processing

consisted of reviewing notes a¡d e¡rtries in order to flesh out implica-

tions, associations, reflections and interpretations of the in-situ

experiences. such processing prønoted Lhe shaping of concepLual thsnes

a¡¡d paved the way for further observations and decisions.

To assist wíth processing, the organizational nrethods of Schatznn¡r

and Strauss (19?3) were enrployed. Notes and entries were organized ínto

three distinct "packages" of naterial according to whether they were

"observational Noles" (oN). "Theoreticai Notes" (TN), or "Methodological

Notes" (MN) .

observational notes are state¡nents which represented the Who. What,

I,lhen, Where, a¡rd How of a¡r activity deaned inporta¡rt to record. An oN

could be a¡r actual conversation, event or interaction. oNrs contain as

little interpretation as possible, If the researcher wished to go beyond

the evidence, a theoreticaL note (fï{) was vrrítten.

Theorelical notes represent conscious attsnpts Lo derive meaning

from the observational notes. Interpretations, inferences. hypotheses,
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conjectures, conceptual links or thsnes are part of TN statsnents.

Methodologícal notes concerned actual techniques, methods or

rerninders to Lhe researcher. MN's were viewed as notes to the researcher

himsel f that provided direction and shape for further study.

Attenrpts were nqde to establish the trustworttliness of the data as

ít was processed. Conceptual threads and propositions were cross checked

across the various data fornrs: classroøn observations, journal entries and

ínterviews. Pre and post cJ.ass meetings çlith t.eacher a¡¡d student têacher

províded opportunities to share and nenber-check impressions and

interpretations derived frcrn theoretical notes, to address questions and

concerrrs that rnight have arisen in methodological notes and to deterrnine

the direclion and focus of subsequent lessons. Interviews, particularly

Lhose conducted at the close of the w¡it, provided further opportunities

to validate impressions and interpretations.



Chapter 4 - RESU!,TS
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Initial meetings with the teacher and student teacher began in Feb.

1989. The unil itself was started with students the next month. A total

of 24 scheduled science periods were used t,o ccnrplete the cycle of issue

ídentifícation and clarificatíon. strategy proposal , evaluaLion and

impl ernentation. As weII students worked independently on research and

projects in tu¡scheduled per!.ods. Appendix D, Schedul e of Lessons and Ac-

tivitíes, swnnarizes the classrocrn lessons giving their tirne distríbu-

tior¡s, activities, student journal topics and relationship to the

organizing framework,

In order to develop an overall, but in-depth picture of the issue-

centered unit, three broad categories of research were identified.

Conceptual thqnes and threads identified duríng the process of analysis

and interpretation were classified into these broad areas.

one area of research was concerned with changes and devel opnents

encountered by students Lhenselves, of importance there v¡as the evolution

of perceptions and attitudes as the r¡nit progressed. The thoughts '

understandings, interactions and opinions of the students as collected

through journal r.¡ritings, interviev¡s and classrocrn observations provided

the bulk of data in this first area of research'

A second area of research was concerned with the roles and

responsibi I i ties assuned by the parLicipants ' Classrocrn observations
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provided the nnjor portíon of this data, but ttris was suppl enrented a¡d

supported by journal writings and interviews.

A ttri rd area of research involved teacher reflecLions and reccnmen-

datior:s for the u¡rit itself. of interest here were teacher inpressions

regarding the applications, lirnitations and Ìmplications of the issue-

centered unit a¡rd the issue-centered approach' Journal entries and

interviews. both fornal and infornral , provided the infornration needed for

Lh-is area of research. Al though evaluative statgner¡ts were sought

throughout the unit, these beca¡ne nrore significant once the franrework

cycle had been cørg¡leted.

In keeping with these three areas of research, this chapter is

organized as fol I ows:

L Studer¡t Responses

II. Roles and Responsibi I ities
Ilï. Teacher Ref lections and Reccrrmer¡dations

I. SII'DE{T RESPONSES

Early in the u¡rit, it was recogmized that there was a delicate

relationship betwee¡l teacher decisions and student responses. While

decisíons about the direction, pace and focus of the unit were ultirnately

rnade by the teacher, they depended largely upon student interests,

u¡rderstandings and initiatives. Such sludent respolì:tes ' in turn, were

shaped and influenced by teacher decisions '

Three aspects of student resPonse were of interest to the teacher,
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student teacher a¡rd researcher alike: issue perceptíons. issue ownership,

and unit ownersh-ip.

The student's concepts, attitudes and opinions of the issue were

regarded as issue perceptions, Since such perceptiorls were likeiy to

evolve and change as infornation and strategies were brought to light. and

would in tut¡ evolve and cha¡rge the unit itself, rnrcnitoring thsn was of

nrajor importance, Studer¡t journal writings a¡rd interviews plotted cha¡rges

in attitudes, opinions and conceptual i zations, wlrile teacher and student

teacher journals and interviews reflected the corresponûing perceptions

of the instructors and their day by day decisions ' observations nade

during class sessions were corpared to journal entries a¡ld intervíew data

to verify positions and interpretations.

Since a prime focus of issue-centered STS is the fostering of

student invol vqrent a¡rd action, the developnent of student ownership was

another target of observation by both researcher a¡rd teachers. ownership

was interpreted in two ways: .!!qi!--9g4cÃEhip and issue ownershiÞ.

Events or interactions where students directed the unit, thereby

deterrn-ined its shape and content, were considered to be signs of Ugi L

ownership. Devel opnent of social awareness and a sense of personal

responsibility and cormitment to Lhe issue v¡ere viewed as evidence of

íssue ownership. observations of class interactior¡s and journal entries

were considered to be the najor sources of ownership evider¡ce.

In order to trace the growth of student perceptions a¡d student

ownership, and corresponding teacher decisions, the fol lowing discussion
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atLsrìpts to recreate the pattern of change and evolution witnessed in the

unit, airning for a holistic picture of student devel o¡xnent. For this

reason, ín the firsL part of tt¡-is discussion, the resPonses of nine

students (identified by letters A to c) are traced and analyzed in the

context of the uni t eve¡ts therselves,

The u¡rit started with a general discussion of the reasons for snow

rqnoval and the necessity for having sites to collect the snow. snow

sanples taken frcm the street were conpared to those taken frøn the

playground and the discussion turned to the topic of snow contaminants.

At the close of the lesson, studer¡ts were asked to respond in wríting to

the question: '}lhat is the problsn ç¡ith snow dr¡nping?".

The class was divided in two distinct sets of views. one group

indicated either that they did not see arry problens with snow dtrrping or

saw the issue as a personal one with consequences that were of a concrete,

practical nature. The following responses were typical of this group:

Student A:
There is no problan.

Student B:
I t}¡-inJl that there will be a problern cause the snow durped
might be very dirty and the kids like sliding down trills and
if a kid slides down all the dirt will stay on him and he
might get sick,

student c:
The probl ern with snow dwrping is it could blovr against your
house or a waII and if it was an old house it would rnaybe cave
in,

Student D:
I thinh that Lhere is a probløn because íf the nren who put the
snow on the side of the road pile ít too tr-igh a kid might cøne
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along and push it on to the street where cars are driving.
whaL if a car ran over a pile of snow and it went on Lhe other
cars ç¡indow and it caused an accident?

A second group, the rernaining eight students, saw the issue in more

abstracL terrns, with consequences that v¡ere nrrcre global and social in

naLure.

Student E:
I think there is a problern because íf the city durps dirty
snow on farmer's land, in the sr.rnner when the farmer is
planting Lis crops and he also r,taters it. all the salt, gas
a¡rd ft¡nes wiII absorb into the crops and the crops v¡ould die.

Student F:
I think there is a problem because you shouldn't durq¡ snow by
the side or by the river ba¡¡k. It wiII get pol luted and that
is dangerous.

Student G:
I ttdnk there is a problem with snow dr.urping!! Tlhe Problsn
wÍth snow dwnping is that when they dr¡rp near creeks and
streafi\s the snow wiII eve¡rtual l y melt into thern and dirty and
pollute the v¡ater. Also I wouldn't like dirty snow dr¡rPs near
my farm! ! Lakes can be flooded,

The teacher attributed ttús span of víews to the student's lack of

prerequisite knowl edge :

The class was asked to return to theír desks and write out
what they felt the problern $¡as. Many were unsture as they had
not yet perceived what it rnight be.

At this point, the students don't seern to have enough know-
ledge of the issue prereguisite - what's in the snow? What
does it do? Is it harmful? and to what? How is it going to
affect nre? How ís it going to affect the environ¡nent? Scne
are developing an avtareness of social responsibility - others
see only what directly affects thsn, (Teacher Journal )

To provide basic prerequisite knowledge the teacher decided to

introduce several ha¡rds-on experiences ç¡ith snow sanples taken frøn the
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streel and playground (Lessons 2,3), As well, a field trip to the snow

durp sites was arranged (Lesson 4),

Upon returning to the classroc¡n after the field trip, the students

shared their observatíons and experiences about the durp sites and then

again journal led a response to the question'\'that is the problqn with snow

dunping?"

At Lh:is point the class was ruch closer in their views. There was

a growing awareness that the snow durping issue involved rnore than just

sinq¡Ie, individual cotlsequences. Except for one student who stilI

indícated that he did not see ¿ury problsrs with snor'¡ durping, the others

who had originally stated personal , concrete concerrts, now grasped more

abstract, ccnq¡lex aspects of the issue:

student A:
That r,¡hen the snow nelts the rm,rd and sand and al I the things
that are in the snow will pollute the river and lakes. And
we can have a flood.

student B:
I thir¡l< that the problan is if the dwp is near a river the
snow rnight cause the river to flood. If the drrp is like the
one on Waverley Street there Ís lots of snow and dirt ín the
dur¡¡¡ that rnight affect the farm near it.

Student C:
When it nrelts it rnight flow into the river and pollute the
water .

student D:
I tl¡.ink that a problsn arising frcrn snow dunping could be that
when aII the snow nrelts there rnight be a flood. Another
problern rnight be that the things in the snow migÌ¡t pollute the
rivers and lakes, It rnight ever¡ ¡nake our drinking water
dirty.
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The students who had initially stated more abstract. socially

cørplex concerns reiterated their concerns or expanded their views,

scrnetinres staLÍng opinions or plars of action as well.

Student E:
There might be floods and the farm land wouldn't be fit for
planting ç¡ith all the salt and gas and oil.

Student F:
I think the problsn might be that when the snow melts it rnight
cause a flood. And rmrd ndght pollute the ground' It rnight
get too l¡-iqh and might fall down. And it rnight pollute thê
water as well as the land. The one by the Norwood bridge
rnight pollute the water, And there will be a big flood by
Lyndale and Waverley. Snow might cause erosion'

Student c:
Tt¡ere could be a lot of flooding because there is so muoh
snow. The snow dtrrping could be contaminating our e¡ater and
causing wild life to be slowly poisoned. I think they
shouldn't durp so rmrch snow at one site. If there is anolher
way they should t¡se that alternative,

While student perceptions of the issue had shifted towards

consideration of more conplex social aspects, the student teacher noted

that studer¡ts were a long way frøn develoPing ownership for the issue or

r¡¡¡i t :

I was pleasantly surprised to see that the leve1 of "excite-
rnent" in snow drrrping had increased significantly. The
students seaned more eager to participate Ín the group
discwsion. As stated, the students are nìovíng away frcrn tb-is
being a snrall proble¡n. lfhey are starting to see that it is
big and affects nrany things such as wildlife, er¡viron¡rent etc.
Although the students see that tt¡-is is a problsn, they have
no clue as to how to solve it. This aspect may require
assistance frcrn the teacher. ( Student Teacher Journal )

In the teacher's vier,¡, the problan of ownership was tied directly

to understandinq of the issue which, in turn, was I inked to the ch-ild's
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todevelopnental growth Í.e. the need of the concrete-operatíonal child

have physical experiences prior to being able to conceptualize ideas.

The usual concrete aspects have been easy for the children to
relate to. However, the "chernistry" end has needed clarífi-
cation. This end perhaps rnight be considered the ¡nost
crítícal due to the I onq term effects on the envíronment.
Ttris particular aspect of the íssue rnight be better under-
stood at an older grade level .

At this point I feel the class as a group has quite adequately
identifíed the issue' Many appear concerned about the
dwping, but perhaps neny students are yet unable to "see" the
effects. The idea of consequences and to visualize thsn does
seern a bit abstract for those learners who are sÙili tied to
the concreLe i.e. they know they should be concerned, but
don't have a real perceptíon of what this exactly rneans at
this point. (Teacher Journal )

satisfied that given the limitations of the age group, students had

identífíed the issue sufficiently for further study, the teacher ¡noved

ínto the second stage - clarificatÍon and research' Under her gfuidance,

students generated a list of research questions, questions they felt

needed a¡rswers if the issue was to be understood fully (Lesson 5). The

class classified the guestions into four categories (Lesson 6): questions

about erosion. questions about the snow durP locations and ¡nonitoring

systsns. questions about conta¡ninants in the snow. questions about the

drainage systen and ç¡ater flow. (Rppenùix e)

Each student selected a category of questíons to ínvestiqate (Lesson

7). Based upon tlris selection, students were arranged into research teans

and spent the next few weeks (Lessons 8-14) finding an¡¡wers to the

questions. As s¡ell, a second field trip to the dwrp sites was arranged'
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It was during this phase that tmit ownershiP becarne more pronounced.

According to the teacher:

ownership beca¡ne more apparent when the students began to
orga¡ize questions they wanted ansç¡ers for - then began to
look for persons to get answers ' (Teacher Journal )

The student teacher agreed:

As for my group, this (ownership) happened on April LL when
they decided who they vlould talk to and r,¡hat they would say.
( Student Teacher Journal )

Following Lhis research phase. each group of students presented

their findings to the other groups (Lessons t8-20). In Lesson 21, the

information nade availabte through the presentations was revíewed and

students questioned each other to clarify pertinent poínts. The teacher

had pianned to move the discussion into the next stage of the unit.

strategy proposal , but this sl¡-i f t in focus was prornPted quite suddenl y by

the students thsrselves. Interlaced with research infornation, and

dírected by thørselves rather than the teacher, students offered

strategies for dealing with the problqn.

ftris strift in views is best illustrated through a sanPle of dialogue

taken frcrn this lesson as students debated slrategies¡

Student l-: I thj.nk they should put the snow dtmp site in
the cou¡¡lry where it won't go into the river.

Student 2: I heard on T.v. that the river is polluted'
This will just n¡ake it worse,

Student 3: I agree with N, (student 1). In the city there are
too nrany people. They could put il out into the country where
it could be spread out.
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Student 4: How do you know scfiìeone else doesn't own the l and?
Maybe they don't want it there.

Student 5: In the country trucks would have to go far - the
dístance would be too ntuch,

Student t: (agreeing with Student 3) one thing about the
counLry - iL nright affect the anínrals. The ¡neltwater and
garbage will pollute the land,

Student 2r To put it in the country, it would cost a lot of
¡noney. There's the price of land, cas.

In the discussion students shovred an increasíng awareness of the

widespread socÍal effects of the snor¡ ranoval issue, and of the ccnplex

and rmrlti-sided faces it had. It r,¡as obvi or¡s to thsn that the issue was

not sinply black and white and that strategi.es for dealing with the

problan would not sinple ones either, More than ever before, students

were eble to step out of their own shoes to try on soneone else's,

displaying an ability to see the problsn frcrn a¡¡other person's viewpoint '

There r,ras a sense of involvqnent, too, as if the issue had beccrne, for

some students at least, their own cause.

At the close of the lesson, the teacher directed students to journal

theír positions again by responding to the question: "f,lhat are your

concerns about snow dwrq>ing?"

Students responded nrore eagerly than in previous writings. Their

responses indicated a continuation in the stúft frcm concrete, and visible

effects to more abstract, socially pronounced ones. As we1l. the

responses becarne rnore personalized, with students noting particular

concer¡¡s a¡¡d at times even recon ìendingr plans of action. Students began
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to suggest that steps had to be taken to ensure that property, wildlife

and people were protected frcrn harmful side effects of snow dwrping.

Al though these concerns were frequently expressed in terns of what

others (often the city) could do, to the researcher, teacher and student

teacher the devel oprnents apparent in the classroc¡n discr.ssion and journal

writings were interpreted as a strengthening of rnit ownership a¡rd the

begirurings of issue ownership. Students were beccrning actively ínvolved

and concerned about the issue a¡rd were now providing direct input ínto the

flow and direction of the unit itself.

Student A:
My concerns about the snow dr.rrp is that the peoPle are
sneaking in a¡rd dt¡rping garbage and another concern is that
I don't tb-ink the snow durp should be oper¡ to the public and
I think they should nrake à device that no one car¡ durp garbage
there.

studenL B:
My concerns about the tyndale site is: Why did they Put the
dr.urp there if all the garbage is going to pollute the river?
My concerns about the Waverley site is: Has the farnrer's land
been da¡naged by the garbage?

Student C:
No response avai I abl e.

Student Dl
My concerns on Waverley are: Is the Red River ever going to
flood? Has the f arnrer's I and ever been darnaged? My concerns
on Lyndale: I don't think they should put the dt¡rp there.
will the garbage hurt the fish?

Student E:
At the Ll'ndale site my concern¡i are for the bridge and for the
garbage, snow, sand and salt that collects there'

Student F:
Lyndal e: My concerns about the L)'ndal e site is if the snor¡
dturp was really lrigh and the rnelted snow r,¡ent ínto the river
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it rnight overflov¡, The bad thing about the Lyndale site ís
that sand and salt, rnud and garbage is getting into the water.

Waverley: I think that it is a good thing that this site is
not on the farrner's property a¡¡d I think it is fine'

Student G:
My concêrn about the Ll'ndal e site is that the garbage in the
snow wiII get into the river' AIso it is pretty dunb that
they would put a dr.rrqr site beside a bridgle! llhen that water
nrelts it just rushes into the river. That could cause a
f I ood.
I have no concems about the Waverley site excePt that if the
melt water drains wrong the f arnrer's field could be harnred.
I think they did a good pl arurinq job when they put the
Waverley site where Ít is!

In the next lesson (22), the teacher and students ccnpared and

lísted the-se concerrls. Then the teacher directed students to respond Ín

wríting to the questíon: 'Ïhat can gg do about the problan?"

The responses confirmed that not only had students grasped the

nature and expa¡ì¡¡e of the issue. but were also able to ide¡tify ways that

they could personal ly deal with it, a further índication of the extent of

student ownership and the growth of social responsibitity.

Student A:
I think ¡,¡e should go and tell dÍstrict nanager of Distríct 6

all the infornation and our ideas r,re have to stop all the
probl srs. Then we should contact the city newspaper, place
an ad and tell thgn to put it in the paper and peopie would
read about it and then èveryone would find out about al1 the
problars and they would beccnre concerned and naybe do scrne-
thing about it.

Stude¡t Bl
I suggest we have a play about the snovr durq¡ íssue.

student c:
I think we should give tlds infor¡nation to the people that
check the snoç¡durping '



84

student D:
I think Lyndale Drive should not be used as a sno¡ldurP site
because the river bank will probably be eroded. I think we

should call Mr. L. (independent researcher contracted by the
ciLy to investigate the Lyndale site) and tell him what we

found out and tell him what they should do' Maybe we could
contact the operations nìanager of District 6 and teli trim what
we know about Waver1ey. We should tell him all our conce!îs '
Maybe asl< him more questions. Maybe tell him our ideas!

We could nake ba¡urers or newsletters a¡rd hand thern out in
front of stores or on cars in parking lots. We could even
write a letter to the editor of the newspaper'

Sbudent E:
No response avai l abl e.

student F:
I think we should pick up the garbage so that the water ç¡on't
get dirty,

Student c:
I think we should write a ne$rsPaper and put our information
into cartoons, We could get people to draw and ttr-ink up
cartoons then we could photocopy thøn and give then away to
fa¡nilies, friends and Districts 5 and 6'

The suggested actions were lísted on the board and disct¡ssed. Based

upon the appropriateness a¡rd tinre regui ranents of the strategies, students

selected two actions to close the w¡it (Lesson 23). The class decided

to write leLters to the varior:s people they had consulted during their

research in order to inform thern of the class findingfs and opinions ' As

well, a newsletter would be conpiled with students volu¡rteering informa-

tion or points of víew about the snow dwrPing issue.

The teacher and students conposed the first part of the letter.

while each student ccnpleted it with his/her personal views. The first

part, cqnnon to aII letters, read as follows:
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Dear Si r,

we are a Grade 4 class' We have bean looking into the subject
of snow dr¡nping, 9le have been looking into the problsrs that
occur at the snow dttrp sítes' fhe two sites we have studied
were at Lyndale Drive and Waverley St. Our first field trip
to the snow durp site was on April 10. We visited a second
tinre to see what the changes were'...

The letters reflect the growth in student knowl edge a¡rd understa¡rd-

ing. Although scne students were stíII tied to the visible and concrete,

most students also íncorporated the less visible aspects (heavy metals,

long term effects to wildlife and envÍ ronmenL eLc.) The letters also

include opínions a¡rd recc¡rmendations. Although the issue was a cc[rP1ex,

¡rnrlti-síded one, by a¡rd Iarge students were able to s]çrthesize the

infornntion, evaluate it, develop opinions and for¡rnrl ate suggestions for

dealing with the issue' The following letters represent a sanple of the

views expressed by the class:

We interviewed and phoned people and had thsn to our class.
We have conceÍns. One of our concernst was ho¡¿ the heavy
nretals frorn the snow would affect the food chain and we wanted
to share some ideas, Sone of the heavy metals are frøn the
garbage that's being durped there so you should protect the
snow durps.

Søne of our concerns were what the erosion r,¡ould do and where
about it would go, Scfiìe Írcre concerns were: ?Iould the
meltwater affect the powerlines at the Waverley site? Does
it nntter where the dtrrpsites are? Htúch way will the water
flow? Will the sites be harmful to a¡rirnal s and will it harm
the drinkwater. We foutd out that the water wouldn't affect
the powerlines, it does nntter where the dt¡rp is, the water
will flow north. and no the dtnpsite will not harm the
drinkwater ,
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f,te had a vote and more peoPle said that they liked t'taverlêy
n¡ore than the Lyndale site' Those are the two sites we

visited, I thought that the city thought of everything at
Waverley. All the water frøn the snow durp will go ínto the
littte ditches a¡rd that water will go into the big ditches,
but jusL in case you put burns around it to keep all the water
in, but just in case it flooded they put ditches around a¡rd
on and on. I thÍnk all sites should be like Waverley and none
tike Churchil I and Lyndal e.

I am concerned about the Lyndale snowdtrrping because they are
not taking the garbage out and the garbage and sand and salt
is getting ínto the ríver.

I ttdnk that there should be more security for the Waverley
snowdunp because people are using it for a garbage durq¡ ' I
ttrink thaÈ the Waverely site is constructed v¡eII.

We sar,r a pile of dirt and rrud on the snowdurps and I also have
one concern. My concern is the salt getting in the water.

our concerns for the Lyndale síte was that ít was Placed too
close to the river. AII the melt water would run ínto the
river, The garbage ín the snow would affect the fish because
it would get into the food chain. The Lyndale site was not
pI arured as carefully as the llaverl ey site' We barely had any
ãonce-s for the Waverley site becawe it was so well planned'
We only had one, in fact. It was that there rnight sti1l be
scrne microscopic contaminants getting into the river.

we wanted to tell you sottÞ of our ínforrmtion and the problars
there were at the Waverley site a¡rd the Lyndale síte. We have
søne suggestions of what we could do to stop scnre of the
problars, We wanted to put an ad Ín the paper so that other
people will be aware of than, too'

We think that the Waverley site is better a¡rd more carefully
planned out than the Lyndale site because the Lyndale site ís
ãnly a test, The gtaverley site is very wiII pI arured out as
we have said before' lhe way they pl anned it was: they have
a ditch then a burm (a pile of dírt) then another ditch which
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goes aII the way arowrd Lhe snov¡ dwrq¡ ' The ditch is for
catching the melt water, lfhe qarbage left after the snow is
nrelted is coliected by the city to the garbage durp. We think
the city has done a good job here'

A ner+sletter, entitled Science and Social Newsletter - Snow Dt¡ruc

AlcEg. $¡as also ccnpiled with student's volt¡nteering infornation or poínts

of view about the snow durping issue' An editoríal perhaps best

sunnarizes the controversial nature of the issue and the position taken

by the students:

There are concerns about the durpsite. WilI ít harm the
a¡rirnals? WelI, v¡e're not sure. We don't think ào. According
to where the dury¡sites are, there can be major or rninor
probl<rs. Most people think the Waverley dr.urpsite is better
than the Lyndale durpsite becawe as the waverley dt¡rpsite
flows into the Red Ríver iL loses nrcst of the contaminants,
whereas the Lyndale site pretty well flows straíght dor¡n ínto
the Red River. Scne people saíd the Lyndale síte geuld erode
the bridge. As you should notice both sites have a place to
flow, The Lyndale site is located by a bridge near the
Assiniboine River ' Which siLe do you think is better?

II. ROI,ES ÀITD RESFG{SIBILITIES

Just as there was a relationship between stude¡t respo¡ìses and

teacher decisions, so to there was a relationstr-ip between studer¡t and

teacher roles and the responsibi l itie-s entailed in such roles. In the

initiat stages of the t¡rit (tessons 1-4), when students were grapPling

with identifying and clarifying the issue, the teacher played an active,

dcrninant role in structuring the shape of each lesson, its content and the

activities to be included, with predeterrnined goals and objectives in

mind, the teacher decided upon the investigaticnns, questions a¡d field

trips used to bring the issue to the forefront. Studer¡ts general Iy playd
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a less active role, receptive to infornation, but not as yet owning the

issue or unit. The focus was on developing knowl edge through the trse of

scÍentífic skiIIs, the concept/process structure connonL y used in

elsnenlary science classes.

Dialogue. taken frcxn the second lesson, illustrates this teacher

dcrnina¡rt/ t eading - student receptive/fol lowing relationstlip:

Teacher: Here are two sanples of snow. Take a mornent a¡ld
speculate where you think each ca¡re frqn.

Student L: the dark sarrple came frc¡n the roadsÍde becat¡se cars
pushed it up on the road side,

Teacher: Where did the white snow come frcrn?

StudenL 2: Frcm a place far frcrn a road, ouL in the open.

Teacher: What's the sa¡ne about the tvro sanples?

Student 3: Both have snow.

Student 4l Both are nroist and danp.

Student Ir Both arenrt cqrpletely dirty or ccnpletely clean'

Student 5: Both have salt in it.

Teacher: I have scme people who disagree.

Student 3: There is no traffic in the field so there wouldn't
be any sal t.

Stude¡rt 6: Thè snow that fails frcrn the sky could still be
dirty because there is pollution in the air and it could
collecL dírt,

Teacher: That's a valid point,,..We are going to do start two
experiments today in order to ccÍq)are the two types of
snow, . ,.
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once students had a grasp of the issue, and had prerequisite

kno¡ll edge frcrn the teacher pl anned activities, research questions were

drawn up, categorized and assigned to groups. There was a shift in the

roles and responsibi I ities of students and teacher. The teacher's role

becarne one of guiding/synthesizing while the stude¡rt's role became more

active and contributing. Now, rìore than earlier, the teacher loosely

shaped each lesson, not always sure of the final point or objective, but

planning to allow roøn for student input and direction' It was irurortant

for Lhe teacher to be able to initiate disctlssion and nronitor and

synthesize student contributions. Students, in turn, gradual ly began to

appreciate the value of their or,tn resporìsies end becane nnre actively

involved in the fornnt and direction of the lesson.

The following classroc¡n exchange, taken frcrn Lesson 5, illustrates

the teacher guiding/synthesizing - studer¡t active/contributing relation-

ship :

Teacher: Let us discuss the concerns you rnight have about snow
dwping.

student I: one concern is that the meltwater from the dwr¡p

wil l cause f I ooding.

Student 2: The rm¡d, sand and ttdngs in the snor'¡ residues will
pollute the rivers a¡d lakes,

Student 3: Farrner's fietds will be flooded' Local drinking
water may be pol luted.

Student 4: I thought we kept our drinking water in a reser-
voír ,

Teacher: Th-is is sarething we will have to check out".Does
rnelt water affect our drinking water?
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Student 5: The farmland won't be fit for planting crops
becawe of the salt and sand.

Student 4: The sand and dírt nny affect the soil and plants.

Teacher: Thinl< about the other site near the river. Are
there any problq¡s about that site?

student 5: There was an article in the paper that saíd snow
is erodj.ng river ba¡ks and rnaking thsn unstable.

Teacher: Can you bring the article in?

After the students had been grouped ínto research teans (Lesson 8)

the roles and responsibi l itie-s of teacher and student took on new rneaning

once again. This tinre the teacher beca¡ne Inuch I e-ss dqninant, adopting the

role of facilítator. For the rnost part, the teacher d:id not Possess more

knowl edge of the issue than did students, but was ¡nore a$¡äre of the

resources to tap in order to get the ínfornntion. Ttre teacher's task

becanre, not one of providing lanowl edge, but one of steering students in

their search. llhe students, or¡ the other ha¡rd, became rnore active, taking

on the duties of interviewer. reporter and researcher.

In her journal the teacher reflecLed on the teacher ac-

ùive/ faci I i tator - student active/ researcher roles in ttris stage of the

unit:

The teacher is not the source of ínfornation but a facilitator
in the "hot¡ to" collect the infornration. As we got into the
unit, the ctrildren didn't ccnre to ¡ne to get the a¡swers ' it
is interestíng to note how I or 2 students then tried to fill
tÌ¡-is role - when que-stions were asked they came up with
answers based on their experience or logically extrapolated
conclusíor¡s, (Teacher Journal )
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The student teacher sirnilarly noted:

r see a traditional science teacher as one who lectures and
dsnonstrates and has students doing activities based on that'
on the other hand, the SIS teacher is one who directs and
assísts. rnore líke a ¡nore experienced sludent. ( student
Teacher Journal )

The latter point was not lost on students, either. When asked how

the unit differed frcrn others done in the year, one student observed:

WeiI, I don't really think Ms. M (Lhe student teacher) knew
any nþre than çre díd about snow dwping. ( Student Interview)

When the information was presented by the research groups to the

rest of the class, the teacher r,tas once again brought back the role played

previously, that of guiding/synthesizing. Íl¡ere was a difference this

tine, however. Because the teacher, student teacher and researcher shared

supervision of research groups ' the teacher did not have aII of the

perLinent infornration beforehand. Her role became that of cqrPiling and

clarifying the data, not only for students, but for herself a¡rd the others

supervisors, The students also adopted a sinilar role. They beca¡ne

involved in the synthesis process by asking questions to clarify points

or by raísing questions for further study. In this phase the teacher and

studer¡t shared the roles of fací I itator/synthesi zer.

Views, opinions and feelíngs were now brought to the forefront and

both teacher a¡rd student were faced ¡lith interpreting and evaluating than.

A classroc¡n exchange in Le-sson 21, il lustrates the nature of such disctls-

sions a¡rd the approach used by students and teacher '
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Teacher: Are there concerrts related to the Waverley site?

student t: rt could flow back on to the farrner's land or ínto
the dítch.

Teacher: Could the r¡ater flow back? Scrûeone who looked at it?

SLudent 2: It could if ít flowed over the ditch.

student 3: They have two ditches - they've thought about that'
They put two ditches there in ca.se one fills up.

Student 4: Mr. M (District 6 operatior¡s) said they have
dítches everywhere, There's little chance they will flow
over ,

Student 5: Mr. K (oept.of Rivers and Streans) said there is
a slim cha¡¡ce - they would have to btui.ld nrore ditches.
Fanners have already ccnplained about the snow dt¡rE¡ sítes.

Teacher: Do you feel Mr. K, is watching the situatíon careful-

Student 5: Yes,

Studerrt 6: At waverley they have flags to show that they can't
go over Lhe dwp.

Student 3: I think they have the Lyndale site wtder control .

Our group iooked at a device which would control who can go
into the site...I think they have the snow durps i.¡nder
control .

Student 5: If I were a farrner. I ç¡ouldn't like the snow dwq>
on or near my land, I wouldn't like to see that stuff nearby '

Teacher (to one of the studer¡ts): You talked to the farmer,
Mr. W. How did he feel about it?

Student 7l He was happy with the way it was done'

Student 8: If I was that farnrer, I couldn't really say
anything because it's not on my land,

Student 3: I'd argnre wíth J, ( student 5). I wouldn't iike all
that dirt on my land. I would be frustrated.
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As illwtraùed by ttris classrocrn scene, the teacher nronÍtored and

ted the discussion by reiterating positions, elucidating points of víew'

seeking confirnration f rcrn research data, and asking pertinent questions.

Feelings and values were verified a¡rd clarified, not disputed.

For the nxcst part students adopted sírnilar appúoaches ' Views were

presented against a backdrop of suPPorting evider¡ce. When one student

disagreed with the statenBnts of another, it was done in a constructive

¡na¡¡r¡er in an atmosphere of tolerance. Stude¡ts ofte¡r expressed opinions

using the format: "Ttris ís what I tt¡-ink and these are my reasons ' " Ãn

overriding attitude to conflícting views sesned to be "i'le don't have to

agree, You are entitled to your views and so am I."

I^lhen questioned about the treatn¡gnt of values and feelings, the

teacher responded:

our expectations rËy have bee¡r that all studer¡ts understand
all aspects so we all reach the saÍìe point. Perhaps that is
an ur¡realistic expectation. We are dealing with socíal
attitudes and perceptions. }le cannot expect one point of
view. In our society, no two people thin]< and feel the sane
way. That is not our end goal , (Teacher Journal )

The final action plan (letters and the classrocrn newsletter) was a

cøry>osite of teacher and student input, While the list of strategÍes were

largely student inítiated, the teacher consciously drew student atte¡rtion

to those strategies which ç¡ere nore practical in terns of tinre restraints,

resources and effectiveness, Frcrn this largely teacher ge¡erated

criteria, students as a group nade the final selection.

As Lhe r¡nit unfolded the teacher and students adopted a variety of



94

roles and responsibi I ities to natch the intent and activities of the

participants. Table 3 sunnarízes each of these, linking the¡n to their

corresponding lessons and framework stages.

Table 3

SwÍary of Rol es arxl Respcnsibilities of Teacher
and str¡dent at each stage/Lesscn of the Ilnit

Lesson Stage Teacher's Role & Student's Role &

Responsibi I ities Responsibi I íties

t-4 I, L/2 dcrninanÈ/ I eading receptíve/fol lowing

5-7 2 gniding/ active/contributing
synthesizing

8-17 2 active/ active/ researching
fací I itating

18-20 2 actíve/ active/synthesizing
synthesizing

2l-22 3e4 active/probing active/synthesi zing
& clarifying & evaluating

23-24 5 supporting/ active/inplanenting
guiding
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III. TBCIIER REFI,&TIONS àID RMüflBIDATICI{S

A key part of the rese¿rch was the collection of inpressions and

reccrnre¡datíons frcrn the teacher and student teacher, Such appraisals

involved Lhree ccrrponents: reflections about the organizational frarework;

reflectior¡s about the age/grade appropriateness of the mit; and

reflections about the inplícations such an approach v¡ould have on teachers

a¡d scie¡ce progralrs .

flre Organizaticr¡al Franework

Both instructors indicated that the cycle of five stages outlined

in the proposed franrework provided a nattrral sequence. linking one level

of awareness, concern a¡¡d action to the next. More tinre was spent in the

initial two stages than anticiPated, however. Furthernrore, there was

fluctuation between Stage I and stage 2 during the fírst few lessons as

students sought infornntion, clarified and redefined the issue, gathered

more ínforrmtion a¡rd then re-evalualed the issue once ¡rpre. With each

step of knowl edge (stage 2) cams new awareness, a sharper picture of the

issue and a corre-sponding re-assesslûant of the problenr (Stage 1). It was

apparent to the teacher that there was overlap in the two steps and that

the boundaries between thqn were not rigid defined:

The franework of the nrodel is well de-siqned. At the grade 4

level steps I and 2 nay need readjusting. At ttri.s level
perhaps issue clarification and guided discovery in the
initial research is the prinary step' Frcrn thís the students
can clarify the problan and the issue. steps 2,3,4 are quite



96

achievable with guidance. (Teacher Journal )

The teacher suggested that rather than starting blindly into the

franrework cycle, existing knowl edge and views should be assessed as a way

of determining student perceptio¡ls and the need for further clarificatior¡.

Looking back it might have been helpful to have gíven a
pretest at the start of the t¡rit to determine $¡hat the
students al ready knew. (Teacher Journal )

Àge/Grade Agl¡ropriateness

In terÍB of tasks and expectations of students, the ncdel was

considered appropriate to the grade 4 level , but sc¡re cautionary notes in

this regard were offered as well.

Both the teacher and studer¡t teacher felt that grade 4 studer¡ts had

the energy and enthwiasm needed to delve into a thorough investigation

of the issue. For the ¡rpst part, students had the skills, too, aI though

rsnediation and assistance frqn the teacher might be essential at times:

The teacher cqnr¡ented:

The clrildren have thoroughly enjoyed the exploration process -
asking questio¡rs, getting nrore inforrmtion. Key to their
enjoyment is the interaction with professionals - beíng taken
seriously. They have responded rraturely and have accepted the
concern (ownership), The data collection - sharing of results
and ccrning up with recqnrendations is ¡rpst appropriate. Íf
this was done with a grade 6 class, the students nay have nnre
abílity, but not necessarily the balance of notivation that
these students have, The judgsrer¡t of the teacher must play
an iÍportant role here so as to charurel concelr¡lr in a posi-
tíve, constructive manner, (Teacher Journal )
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The student Leacher responded in a similar vein:

I think year four is a¡r approPriate grade level for tÌ¡-is
nrodel . The students are nature enough Lo find answers for
thenselves and sesn eager to pursue their questions ' At a
younger grade level , they nny be nrcre dependørt on the teacher
for answers, ( student Teacher Journal )

Ãside frcrn consideratior¡s of student tasks and enpectations,

discussions of age appropriater¡ess ce¡rtered arot¡r¡d discussions of the

nature of the selected issue itself. While there was general consensus

that the framework cycle was appropriate, with sqne n¡rdifications, to the

eI anentary grade levels, there were scrne reservations about the type of

issue selected for study.

The snow rqnoval issue r¿as cc¡tplex, involving neny factors that çlere

intercon¡rected and interrelated' According to the teacher, this

contributed to student difficulties:

Having two radical ly different situations was confusing to
scrne students. The snow dwp issue was so broad and intricate
that scnre students ç,¡ere ur¡abl e to grasP the whole picture.
Just assessing one site $tould have been nrcre appropriate.
(Teacher Journal )

While n¡¡st grade 4 students were able to work through the franework

cycles, the rlnit involved nrcre tírne and resources than anticipated. It

was the opínion of the teacher that if the selected issue was narrower and

sinE¡Ier, one involving students directly in a concern that had clear

issues - perhaps one with polar vievrs of black vs white rather than so

¡nany greys - the issue'centered approach as represented by the five stage

cycle could be adapted for use at other grade levels'
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At the prínnry grades, the npdel as ít is presented here,
would have to be npdified and refined. A sinplified versíon
of it could be used with a¡r issue that is sinpler and Íþre
narrow in focus, one that ís n¡cre black and whÍte, nþre yes
and no,

Perhaps the npdel is the goal . Tt¡e early years might be
viewed as training years, with students gradual ly gaining
skitts and confidence enabl ing thern to tackle broader and npre
ccnplex issues with hazier interpretations of right and wrong.

Even if one ur¡-it a year r,¡as approached in a npdified fashion
from the prirnary grades and up, by the tinre students reached
grade eight they would be r¿e1l equdpped to ínpl grstt the
issue-centered approach with less assistance and input fran
the teacher. (Teacher .Journal )

Since class interest is an e.ssential ingredient, the teacher also

felt that class as a whole should be involved in choosíng the topic to be

studied,

I¡rpl icatior¡s and Reccrmærdatiørs for Teacl¡ers ard Science Progrãrs

Adopting the issue-centered approach reguires sc¡re shifts in lesson

plan¡ring, teacher skills and training, studer¡t PreParation, tí¡na and

resource considerations.

1) tesson planning l

Because content was not the foeus, but issue exploration/ resolution

was. Iesson plaruring took on a dÍfferent shape frøn a concepts/process

approach. ås noted by the teacher, pla¡ur-ing was on a day by day basis,

with the teacher establishing where students were arid where students

wanted to go before pl anning what they would do next.
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The pl anning was of a different nature. The teacher did not
collect aII Lhe resources. The teacher does not select what
data the children will receive or choose to collect. Prepara-
tion requi res global thinking skills -what are alI the
possible angl es and how can I lead or nake contacts? Each
lesson could only be outl ined/ pl ar¡ned after the prevíous one
was concl uded due to the high student input for the greater
part. Ttre exception to this was the first fel¡ I essons where
the issue of snow durping reguired explanation. (Teacher
Journal )

For this teacher, pl a¡¡ring was an esser¡tia] activity of the issue-

centered approach, requiring a different outlook perhaps than rnore

traditional teacher preparation, but still an iru)ortant part of the

teacher's job:

Ttris unit requí red ¡m¡ch less teacher pI anning of specific
content and selection of infornration in a direct nn¡ìner. It
r,ras still there in an indirect rnanner. (Teacher Journal )

For the student teacher, planning, too, becarne a ¡natter of

flexibility and adjustner¡t to the needs and respofftes of students:

Pl anning for ttris u¡ri t was very different becar¡se most of the
time I did not have a clue as to what would happan next.
Pl aruring v¡as for what the students wanted to knor¿, not for
what r think they should learn. ( studerit Teacher Journal )

2) Teacher Skills a¡ld Training

Becawe the issue-cer¡tered approach necessitated a great deal of

flexibility on the teacher's part and requi red the teacher to work v¡ithout

a solid base of knowl edge and infornation about the íssue, the teacher

indicated that other teachers might feel unccrnfortabl e in the role defined

by the model .
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What position does this place rnost el enrentary teachers who nay
feel they don't know enough about the issue or have sufficíent
science background to develop awareness of the problqn?
(Teacher Journal )

In the teacher's view, a gradual introduction to the issue-centered

approach, perhaps through a nrentorship-lype proglram s¡ould be beneficial

to teacher contsrç>lating using the organizational framework for the fírst

tine:

To attenpt this ¡nodel without sone previous exPerience would
be intirnidating for nost. SeI ectíng/narrowing an issue is
essential - the goal would be to keep it sinple esPecially at
the year 4 level . Experience u,sing the nrcdel would be the
best way. select a current topic of interest and use the
¡nodel to develop it. This would be done at a npre adult level
through inservicing or nentoríng, but discwsions as to how
it could be nrodi f id to student levels would be needed.
( Teacher Journal )

3) Student Preparation

Many of the student tasks in this unit reguired specialized skills.

Research involved nn-rch npre than líbrary research' It regui red that

stude¡rts contact others in the cunrnrrri ty either personal ly or by phone '

To inpl arent a sirnilar unit, the teacher suggested that students should

have prior experience fonrn¡lating questions, conducting interviews, taking

notes. keeping and organizing notes, writing letters etc. The student

teacher also felt that students needed to be able to use the telePhone and

Þhone book effectìvely. Ihowledge of governnent cha¡nel s and departrnents

would have also been t¡seful .

one r,tay of preparing students, the teacher suggested, would be to

have the class could "do mi¡ri-projects r,rtúch introduce nnny of the skills
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and processes needed to successfully follow the nrodel ".

In this unit, students had not beer¡ introduced to the franework

nrodel . They were not aware of the seque¡rce of stages and the interconnec-

tions between them, The teacher felt that had students realized the

structure of the unit Lhey rnight have better understood the roles a¡rd

responsibi I ities expected of thsn'

By presenting the nrodel graphical ly students could "see" the
next general step. (Teacher Journal )

A key part of the research phase was the presentation of infornation

between groups, an area the student teacher felt should receive greater

attentíon:

one thing I have noticed is that the students drew a bl ank
when iL canre to the organization of the final presentation'
They knew what was inportant, but had no ideas or suggestions
on how to por:tray that...As a re-sul t, I found that I had to
pu.sh thsn to find out ways their studies could be presented '
( student Teacher Journal )

4) Títne

several concerns were expressed about the anrowrt of tinre the unit

involved. The t¡nit was started with stude¡ts ín March and fornnl classes

were not conpleted until mid-May' The newsletter, worked on by a handful

of voh.rnteer students. r,¡as cqrpleted in June. Because of this expanse of

time. the instructors felt that it was difficult to nraintain student

interest and rncrnentun in the issue, especially once the snow began to

melt.

A¡rother factor cc¡rpounded the tíne problan' Because the unit was
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ccfiq>leLed during regnrlar science periods that were lockd into a fixed

tinetable, scíence ti¡nes varied day by day. scme periods ç¡ere half an

hour long, others an hour. As well, there were days when science was not

scheduled at all. When weeksrds fell on either side of non-science days,

there were large gaps of tine between activities. It was frequently

difficult to "pick up the pieces" and carry on.

Selecting a sinpler issue, one that could be exarnined in deLail in

less tinre, would help al leviate sone of the problars the teacher felt.

As r,¡ell, spending larger chtrnl<s of time, wíth srnaller gaps between, would

help condense the u¡rit, giving students and teacher a chance to maintain

interest and nrcrnenttrn in the Èopic, An intensive, all out effort, was

reccnmended.

5) Resources

Not "having aII the answers" was not a problsn in regards to
the turit ¡mterial , It was the orga¡rizing area -persornel and
resources - that was disturbing, I was r¡r¡ccrnf ortabl e en-
couraging students to get "excited" about an idea before
knowing if resources were available to answer their ques-
tíons. ( Teacher journal )

As indicated by this responÉte, resources beca¡ne a concern during the

unit. Since rmrch of the work involved "breaking new grotmd" i'e.

exa¡nining a topical , relatively r.nrexpl ored issue, research involved

locating prinrary resources rather than secondary ones. Infornetion was

thus sparse and uncertain, requiríng a deçÍree of risk-taking on the part

of the teacher. The student teacher suggested that sc¡ne of the risk could
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be handl ed with advance preparationl

The teacher should have an idea of the topíc and how it works.
Perhaps they should have a list of contact People just Ín
case, ( Student Teacher Journal )

Since ¡r¡¡ch of the infornatÍon carne frcrn via phone contacts,

tel ephones becarne a valuable ccnmodity. It¡e school had a phone in the

Iibrary, one in the staff rocrn, another in the resource room and several

in the office. Before teans of students could be sent to any of these

places, the i.nstructor first had to find out if the rocrn would be free

during the science period. Students, by a¡rd large, could not be sent by

thqrselves to use the phone partly because supervision of students was

necessary, but also because students often needed assistance in locating

nunbers and asking questions ' Such transactions requi red considerabl e

effort and tíme on the part of the ir¡structor.

Three adults - the teacher, student teacher and researcher -worked

in the classroøn handl ing four research grouPs ' Realistically, in a

typical classrocrn, only a single teacher ¡night be available, nnking the

supervision and facilitation role even nþre difficult.

To do ttris effectively rlearìs a large ccnmitnrent of time and
organization, one person alone without support r'¡ould find it
difficult to get done. (Teacher interview)



Chapter 5 - SUMMARY. DISCUSSION AND CONCLUSIONS
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The purpose of this thesis was to explore the issue-centered STs

approach as it applied to the eI snentary scieace setting' Literature

reviews provided an u¡¡derstanding of its rationale, features a¡rd

expectations of students and teachers as well as a franework to assist

ç¡ith orga¡rizingl units. The research study utilized the proPosed franrework

as a guide to developing a¡rd inpl snenting an sTS unit in a grade 4

classrocrn. In order to provide a¡¡ in-depth picture of the issue-centered

approach at work, student perceptions and attitudes, the roles and

responsibi i ities of the participants, and the reflections a¡d reccnmenda-

tions of the ír¡structors were charted and analyzed'

Since the research was situation-specific I discl.tssions of the

fíndings rrust be rnade ¡^¡ith an eye to the circt¡rstances, setting and

population involved in the study, In this chapter the results are

sunmrized and disct¡ssed in the context frøn ¡^rhich they were derived and

with reference to the literature previously revíewed. Such discussions

entaíI appraisals of strengths a¡td v¡eal¡nesses as well as recørmendations

for future use. I.lhen possible, extrapolations to more general elsnentary

science situations are nade,

Tlr-is chapter is organized into two nain sections:

I. Sunnary and Disct¡ssion of the Research

II. conclusions
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I. STJI,ß{AFY AND DISCT'SSIOI{ OF ÏIE NEBRCTI

In keepinq wíth the research results presented in the previous

chapter, the following three cørponents are surnìari zed and díscussed in

tt¡-is section: student responses, roles and responsibi l ities, a¡d reflec-

tions and reccnrnendations ,

Studerrt Respdses

Three aspects of student resporìses were anaLyzed ín this study:

issue perceptions, unit ownersh-ip and issue ownership. During the unit

there were turning points in these responses. Points where perceptions and

ownership shif ted noticeably and sc¡netímes dranatical I y.

In terûs of issue perceptior¡s, there was a gradual and continuow

movsnent away frcrn general . siq¡le and personal views of the issue to more

abstract, cqrq¡lex and social perspectives. This change was particularly

noticeable in the time between Lessons L and 4, after students had a

cha¡rce for concrete experiences and general discussion. Further growth

in issue perceptions was evident after Lesson L8 as studer¡ts shared the

infornation they had assirnilated through research. The nrore obscure

effects of the snow dturping issue now seaned apparent a¡d students were

able to see the broader inplications.

Indications that students were directinq the unit and, in effect'

deter¡níningl its shape and content, were vi ewed as signs of unit ownership,

In this study, unit ownershi.p started after students listed and çlrouped

concerïsi and orgar¡ized research teans (Lesson 8). It increased steadily



107

as stulents qnbarked on their research and was particularly strong after

groups shared infornation (Lesson 1.8-20) and began to discuss possible

strategie-s ( Lesson 21).

A prine target of the research was the onset of issue o?¡nership as

evidenced by the devel opnent of social awareness and a sense of Personal

respcn-sibility and ccnmittrner¡t to the issue. During the initial I essons,

little evidence of issue ownership was obvíous. As students entered the

research phase (tesson 8), however, an gradual íncrease in issue ownership

was apparent at least in regards to the narrow research areas selected by

the studer¡ts. once infornation had beer¡ shared betweerr groups (Lessons

18-20). students proposed strategies alnost spontaneously. Anajor shift

ín issue ownerstr-ip was obviot¡s in Lesson 21. For ¡rpst students, the

issues were relevant, consequences were clearer if n¡cre abstract, and

action sesred appropriate. Issue or¡nership peaj<ed and ranained fairly

consistent for the rsrainder of the unit.

Scrre pertinent poínts are worthy of disct¡ssion. First, the shift

f rc¡n concrete to npre abstract views evident in stude¡rt issue perceptions

occurred after the teacher nrade the decision to incorporate concrete,

Ithande-s¡rr experiences. As students gained nore knowledge and experience

through practical research, further movgrent to ¡r¡cre abstract ar¡d obscure

effects ç¡as evident. This evolution of perceptior¡s is in keePing ç¡ith the

literature reviewed previously, In line with Piaget's theory and the

Science Cou¡rcil reccnnendatior¡s, npst children at this level would sesn

to need prerequj.site concrete experiences before being able to deal with
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rrcre forrnal abstractions. The more ccnE¡Iex a¡rd abstract the issue, it

v¡ou1d segn, the nnre physical ex¡:eriences cl¡-i I dren would lÍkely need

before being able to actualiy identify concents or deter¡nine strategies.

A second point of consideration is the link between the various

aspects of student respo¡ìses. The growth of attitudes and perceptions,

as well as the growth of issue ownership, coincided with growth in

lceowl edge and concepts, As the students assirnilated ncre knowledge and

wrderstanding of the íssue, their perceptíons a¡rd attitudes evolved and

shifted to npre abstract aspects. Si¡nilarly, their social awareness and

sense of respor¡sibility to the issue intensified.

Segningly, lnowl edge assirnilation is an essential link for the

devel o¡nent of attitudes and perceptions (íssue perceptions) as well as

the tosteríng of social awareness and re-sponsibility (issue ownership).

Such lmowledge, however, is not lsrowl edge in isolation or lglowl edge for

knowl edge sake. In this situation, scientific concepts of erosion,

sedinentation, pollution, heavy netal dePositíon, drainage etc. took on

nreaning in the context of the issue and its inplicatior¡s to the indívidtral

and society in general

While students did reguire a basís of knowl edge a¡¡d rnderstanding

before being able to devise strategies and acLions, the degree of concept

devel opxrent was not evaluated in this study. As indicated earlier, Yager

et aI (1988) fourrd that knowl edge and concepts did not appear to suffer

using the issue-centered approach. while tl¡-is thesis cannot substanliate

these cl ai¡rs, it ca¡¡¡ot dispute thsn either. As inòicated by classrocrn
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disctrssions and in journal writings, students did assinilate a core of

knowledge, although the a¡rount is un]mown.

The evidence in this study supports Kohlberg's views of cognitíve

rnoral devel o¡xnent r,¡hi ch state that devel o¡xnent of cognitive stages is a

necessary condition to the deve l orrnent of parallel socio-noral stages.

Before chíldrerr can take the role of another, before they can see the

issue frcrn another's point of view, there rmrst be a corresponding

devel opnent nìove away frc¡n purely concrete perspectives, to more abstract

ones, In this cane, once chi ldren had concrete experiences and had been

able to abstract aspects of the issue, they were able to see the issue in

terns of others and to develop a sense of social responsibiÌity, a key

el snent in issue ownerstrip.

There ís also another side to the devel op¡rent of issue ownerstrip '

Kohlberg proposes that nroraL reasoning develops in situations of nrcral

conflict. This proposal is supported ín this study. Discttssions.

particularly those that occurred as infornation was shared and strategies

were proposed, brought conflicting aspects of the issue to light. llhere

were many views of the issue, nrany sides to be appraisj. The borders

between right and wrong were blurred. It was during lhese discussions,

and in the journal wriLings shortly after thsn, that stude¡ts segn Lo show

the strongest evidence of íssue ownership,

A tt¡-i rd nratter of interest ís the devel oEnent of urri t oç¡nersldp,

As noted by the teacher. achieving a¡r initial grasp of the issue was a

necessary, if scrnewhat difficult stage, requiring nnre tire and teacher
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ínpuL than originally projected, The r¡nit was nìore teacher directed thân

student directed urtil a level of lmowledge a¡¡d ur¡derstanding could be

established a¡rd stude¡ts could be released to research independently.

It v¡as at this time that unit ownership developed and strengthened' fhe

the rise of r¡rit ownership coincides with an increase in understanding of

the issue itself, the devel o¡xnent of issue oç¡nership, a¡d the lessering

of teacher directed activities.

As suggested by the teacher, several facLors might have advanced the

onset of urLit ownership, A sinpler and narrower issue, one nnre easily

r¡nderstood by stude¡ts, ¡night have helped. As well, if students, rather

than the teacher, had selected an issue to explore, indications of t¡nit

ownership might have vísible at the start since students rnay have already

had a prereguisite base of knowledqe and r.rrderstanding.

Roles a¡¡il Respcnsibil ities

The teacher and student teacher assuned a nurber of roles and

responsibilities 
. 
throughout the r¡nit. Initially, in the first few

lessons, the teacher structured each class, selecting and arranging

activities and guestions to build an r:¡¡derstar¡ding of the issue. Studer¡ts

r,¡ere receptive, followed the teachers, a¡¡d acct¡mrl ated a ls¡owl edge base.

The roles and responsibi l ities reserrìbl ed those of a traditional science

class where the program is structured around a concepts-process base,

After Lesson 5, the arphasis, roles and responsibi l ities changed.

llhroughout the rsnainder of the writ, the teacher fu¡¡ctioned as a
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facilitator and guide. She assisted students as they researched,

sl'nthesized ideas, qualified and clarified views, a¡rd selected and

inpl qrented action plans. Students !Jerê. in turn, active contributors

in the process, scrnetirres leading rather than following the teacher.

Discussions were essential to the issue-centered unit' In

discwsions, the teacher played a vital role. Facts r'¡ere aired, clarified

and synthesized. @inions and views were valued and accepted. but always

against a backdrop of supporting evidence. When conflicting ídeas arose,

one side was not take¡ over the other: both were valid íf supported by

research, Rather than seeking grouP corìselìsl'ls, the teacher encouraged

each student to form his own opinions and nrake his oç¡n decisions.

Stude¡rts, in turn, npdel led the teacher's acceptance by seeking confirna-

tion and clarification of facts a¡¡d opinions, a¡ld by valuing the diversity

in views.

As indicated in the literature review, discwsions of npral di l srms

can prcrnote growth of nnral reasoning ( Edwards, 1986). By aíring

conflicting views of an issue, vier,¡s wtdch have both "right" and "wrong"

e}enrents, cognitive mral reaso[inqf is advanced. In tt¡-is t¡r¡it ' it wouid

appear that this was true. By not aiming for t¡ri f orrn opinions, the

teacher al lor.¡ed for, and accePted, diversity as long as it was supported

by evidence, In doing so, she set up an internal criteria base for

students to evaluate their own perceptions and deal with apparent nroral

conflicts. The fact that nany studer¡ts were able to see the broader

social ínplications of snow duçing and were able to argue frcrn the
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viewpoint of others such as the farnrer, the city engineer, the average

citizen etc. suggests that they were able to r:ndersta¡rd, a¡d perhaps

operate frqn, a ¡nore advanced cognitive ¡noraL reasoning level .

A qdck check of Yager and Perúck's (1984) list of Eralíties

ínherent to ex<rplary science teachers, presented in the Iiterature

review, is perti-nent to th-is discttssion. The effective science teacher,

according to ttús list, trses societal issues as a focus, nrodel s the

inquiry process, expecting students to probe, ask questions, and chal l enge

facts and authorities. F\rrtherncre, the exarpl.ary teacher facílitates and

encourages synthesis, sel f-assessner¡t, and the devel opnrent of opinions.

Learning for tlús teacher doesn't stop at the school doors or at the end

of the school day - there is flexibility in tine, expectations and

prograns .

The roles and responsibi I ities assured by the teacher ín Lhis study

coincide wíth the features on ttds list' Whj.le credit should go to the

teacher for her exenplary ¡rethods, another point ca¡u¡ot be overlooked -

these roles a¡rd responsibilitíes are inherent to the issue-ce¡tered

approach utilized in ttr-is study ' In effect, the issue centerd approach

exarplifies the featwes of progfrarß tbat nreet the standards of Project

Synthesis, Since the Science Corr¡ci I reccnrnendations closely ressnble

those of Project Synthe-sís, it is fair to suggest that the issue-centered

approach as it was used in tt¡-is study, ¡neets its standards as well.

And what of the student? Through its recc¡rnrendati ons, the Science

Cowrcil prc¡nctes progranming that stinnrlates íntellectual and ¡rpral
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growth, that encourages students to participate in Political and social

choíces, and assísts thsn in developing into rational , autoncnþus

individuls. It would appear that the roles and responsibi l iti es assuned

by students in this study lean tov¡ards nreeting these objectives.

Ref lecticús a¡d Reccn¡¡ændaticns

Three areas of teacher assessment were examined: reflections on the

organizational framework, reflections on the age/grade appropriateness of

the approach, reflections on the inplícatior¡s for teachers and proglrams.

In this section these three areas are stlTrnarized artd discussed against the

backdrop of the findings preser¡ted previot¡sly, narnel y student responses

and the roles and responsibi I ities of the participants '

1) The organizational FraÍìevtork

As noted in the research, there was overlap between Stage I and 2

as students and teacher sought to sufficiently grasp the nature of the

Íssue so that it could be nrcre thoroughly researched, However, this

fluctuation between stages nlay be due more to the nature of the selected

íssue itself and the nnnner in which it was chosen, rather than a

difficulty of the franreç¡ork and approach itself.

The issue was identified and selected by the teacher a¡rd researcher

príor to the study, The task, then, becanre one of bringing students to

a similar level of awareness so that it could be examined nnre closely'

As suggested beforê, had the issue been student generated, an expressed
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interest. and concern of the class, students miqhL have had an existing

knowl edge base. Perhaps less time would have been spent identifying the

issue, resulting in a nþvsrìent directiy into stage 2.

Ãnother aspect of thj.s blur and overlap between Stages I and 2, nny

have been the broadness of Lhe selected issue. Although an effort was

made to narrow the topic by choosing only two sites to examine, the

rnechanics of gathering inforrmtion and appraising the results proved to

be cørplex. As suggested by the teacher perhaps a look at one site would

have sufficed,

Although the teacher suggested that the issue should be more black

and white, and less grey, Kohlberg's research suggests that having such

polar views rmy not assisL r,¡íth cognitive noral growth, Shades of grey

force consideration and evaluation of the less obviotts. pronoting a re-

assessment of existing views and the for¡nation of new ones.

Given a narrower íssue, one student a¡rd teacher generated, but still

havíng an air of controversy and uncertainty, it would seern that the

organizational fra¡nework sequence used in this study would be adaptable

for el snentary grade levels.

2) Ase/Grade Appropriateness

The structure of the unit dsnanded certain roles. responsibi l iti es

and expectations of students. The question asked now is: Are these age

appropríate for el enentary grades?
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A scrnewhat cautionary reply is necessary. $fhile the grade four

class in this study ccnrpl eted the unit, and successfully met the cogrnitíve

and social dqnands nade of Lhqn, it was noL wiLhout a great deal of

support and suppl anent frc*n the ínstructors.

Many of the tasks involved neç¡ skíIls. students were required to

test new avenues of research, utíIíze the telephone, ccfiipose questions,

take notes, conduct interviews, synthesize, evaluaLe and ccnmunicate.

SLudent success in these ne¡,¡ skill areas e¡as dependent largely upon

teacher directíon and assistance, If expectations are that students will

learn necessary skills enroute, with teacher intervention where needed,

then in this context, the issue-centered approach nay be considered

age / gr ade appropriate.

With advance thought and preparation, this approach could be rnade

more efficient and relieve scne of the burden felb by the teacher. As

suggested by the teacher, the skilÌs could be Laught separately frcrn the

issue-centered u¡¡it and as a prelíminary to it. Many of the skills are

"life-skiils" i.e skills needed for survival ín the nodern world. They

are not exclusive to any subject. As a result they could be ccrn¡ronents

of other sul¡ject areas or could even be miní-r¡nits taughL on their own.

Ãs one exanE¡le, interviewing skills could be a cøn¡ronent of the I anguage

arts program. By preparing students in th-is rnanner, the issue-centered

approach could be used more effectively.
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Students could be gradually introduced Lo the issue-cenLered

approach at earlier grades, For exaÍple, even grade one students rnight

be able to tackle a classrocrn or school issue such as wasLe disposal . By

exarnining the anror¡nts and kinds of garbage deposited ín the classroorn

waste basket, the students could propose actions to reduce the volune or

to recycle/reuse scne itenrs. A cl.assroøn policy could be devised,

implsrented and later evaluated for effectiveness, Such a unit is

appropriate in topic, method and student expectatíons.

The issue-centered approach, as envisioned Ín the proposed

organizational franrework could be appropriate to the elenrentary, and even

pri¡rary situation, depending upon the issue selected, the tasks involved,

and the degree of advance skill preparation.

3) Implications and Reccmlendations for Teachers and Programs

As indicated by classroøn observation and supported by teacher and

student ccnrnents and suggestions, the implgrentation of an issue-centered

sTs unit such as this dsnands changes of teachers and proqrarn-s.

Uni.t planning rm¡st be approaehed differenlly than in concepts-

process science. Since, ideally. the unit begins with the identífication

of an íssue selected by students and teacher together, advance preparation

is lírnited. once the issue has been selected, however, the teacher can

anticipate scrne of the needs of students and the dírecLion the unit might

take, Giving an infornal pretest to assess knowl edge and views rnight be
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valuable. As weil, the teacher could prepare by checking possible

resÒurces, ccnrpi l ing short lists of student contacLs, arranging for parent

volunteers to assist with research teams, checking the sehool schedule Lo

determine the availability of roørs, telephones etc' Such Preparations

do not take away fron the spontaneous input and dírection of students, but

prepare the teacher for every eventual ity.

Lesson plaruting in the issue-centered approach is by necessity less

long-range, nore day-to-day, and nrcre dependent upon student needs and

direction. The teacher nn:st be flexible, willing to change approaches and

tasks as the need arises,

Additional help in Lhe classrocrn is a plus for th-is type of unit,

particularly once students undertake independent research. scnìe trainíng

of voltrnteers would be beneficial in order to orient thsn to the format

and nature of the urit and their roles in the process.

The teacher is not the for¡ntain of knowl edge in this approach, a

role which nLight pose difficulties for sorne, The teacher wíll not know

all the answers or even possibly where to find the ansr'¡ers. HonesLy with

students is a must. By owning up to their lack of l<nowledge, by posing

questions which need answers instead of providing answers, by steering

students towards possible sources or nrethods of attaining infonnation,

teachers nrodel the realities of the scientist's world and the quest for

truth and verification that is a¡¡ essential feature of scíence. According

to the Science Council recqnrendations, this is a¡r key aim of science

education for the future,
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The success of the u¡rit depends greatly on the ccnmu¡¡ícation skills

and clirmte model I ed by the teacher. openness and acceptance are

essential in dísct¡ssions. Conflicting opinions and facts should not be

treated as a problern. but rather as a healthy, necessary el ement of

growth. If children are to develop cognitively, socially and morally, the

teacher rmrst set the tone so that infornration, views and opinions can be

presented without risk, yet are open to examination a¡d even dÍspute by

others in the rocrn. Becarlse the issue-centered approach influences

coginitive, rnoral and social devel olx¡ent. further study into its relation-

ship to the issue centered STS approach deserve merit.

Because the teacher plays a vital role ín the issue-centered unit,

background preparation s¡ould be helpful . Knowl edge of devel o¡xnental

theory, and skill in questioning, probl an-solving, decision-nuking, and

con¡m¡nication are key cørponents of the issue-centered approach.

Inservice training, observation and participation in actual issue-

centered r:nits in other classrocr¡rs, and suppl anental readings night help

prepare inexperienced teachers for their role in issue-centered STs,

Students need to be prepared, too. SkiIIs can be developed ín

advance. Mini issue-centered units can be tackled in earlier grades.

Students can be rmde aware of the sequence of the uní|, and the stages

they wiII encoranter. Such preparation wíÌl shorten the time required and

rnake the r¡¡rit flow nrr:re efficiently,

CIass tirnes for the STS unit should be as close together as

possible, Rather than sticking to a fixed timetable of slotted science
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periods, whi ch might extend over ¡nany weeks, mornentun and interest can be

rnore easily maintained r,¡ith larger blocks of tine arranged in closer

proxirnity. This ney also facilitate the use of volunteers, resources,

telephones etc. and cause less long-range dísruption to the school and

personnel .

concept and process devel o¡xnent is still a nebulous area. While

there is evidence that students picked up a great deal of knowledge and

understandíng, not just of science, but also of the political a¡rd social

process inherent to the issue, how nsny scientific skills and how much

scientific content was developed is undeterrnined. How this approach

compares to traditíonat methods, organized around a content and process

core, is uncertain and worthy of further study.

Ir, ooNctttsroNs:

Given certain considerations, issue-centered sTS as organized around

the proposed five-stage framework is a viable approach to STS at the

el snentary I evel .

Ideatly, the issue identífied for expl oratíon should be jointly

selected by the teacher and students. It should be concrete in terrns,

Iocal in nature. not too ccnplex in scientific technicalitíes, yet one

that has a degree of conflict and controversy. EarIy "hands-on"

experiences are a key Lo developing issue and unit ownership.

The teacher in the issue-centered unit must be flexible, willing to
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put long-range plaff¡ing aside, to work without a strong knowledge base,

and to be a facilitator as well as a participant in the learning process'

The teacher rmrst be astute in observing and listening to students,

aLtsrptíng to grasp opportunities as they arise, striving to link science

to other disciplines, and developing skills and concepts as they are

needed.

Strong cqnnunication ski1ls are an asset. The teacher rmrst

skillfully guide discussion, prcrnoting an atmosphere of honesty and

acceptance r,¡here conflicting views can be aired without risk. At the same

tine the teacher should encourage students to critique and validate views,

an essential conponent for cognitive ¡roral devel ognent '

Students need to be prepared for thelr roles in the exploration

cycle. Skill lessons can be included and a preview of the stages sequence

given. Students must be encouraged to ask questions, to step outsíde the

school setting to seek info¡nration, to value the viewpoints of others, artd

to weigh the rmny sides to the issue in selecLing a¡d evaluating

strategies,

Other factors to consider when ímplernentinq a¡ íssue-centered

approach include: time boutdaries; availability and access to resources

and persorurel in Lhe school and conrm¡níty; and the flexibility and

adapùability of the school , teachers and cørmuníty to thís approach'

While the effects on scientifíc skill and concept devel opment are

uncertain and such considerations must play a part in impending decisions

to use tl::is approach, other significant outcctnes were noted' students
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involved in the research showed steady growth in thej.r knowledge and

u¡derstanding of the issue and its ímplications for thenselves and socíety

in general . Coinciding with this develoHnent of knowledge and experience,

students showed greaLer acceptance for the direcLíon and content of the

unit as well as greater ownership for the issue and possible ways of

deal ing r,riLh it .

While this approach to STS rnay not be for every teacher or student,

it merits consideration, According to Lhe Science Council report,

students need to learn of the interplay between scíence and technology,

how social /pol itícal clirmtes shape and deLermine science activity and

vice versa, and of the lirnits of scientific knowl edge. This is one step

towards developíng an aware citizenship, one with a realistic view of

scientific activities and the rneans by whích they can be influenced.

Based upon this study it would sesn that an issue-centered approach

to science prørÞtes this realistic vievr of science, showing students how

socíal a¡rd cultural forces shape and deterrnine how science is r¡sed'

Furthermore, sínce it involves students in an active search for meaning

and ways to beccme involved, the issue-centered approach encourages

participation in the decisions facing society and takes a step towards

prcfiotingf science literacy for the present and the future.
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Appendix A:

LEIITM, TO PÀRB{TS

Dear Parents,

In the next few weeks, students will be ccnti.nuing their study of the
writ. ltater and Land, one of the thqres in the Crade 4 science prograrn.
In ad*ition to a nr¡rrber of other activitÍes, the r.u'l-it will explore the
issue of snow rsroval and snow dtrçing on Lhe ban]cs of Hinnipeg rivers,
a concern recently publicized in various nedia. The students v¡ill
investigate the probl<n, define the issue, devise strategies to deal with
it, and inpl<rent than.

fhroughout the r:n-it, a researcher frcrn the Faculty of Education at the
University of l{ani toba will be present in the classrocrn in order' to
collect data for a Master of Education thesis. He will be deter¡nining the
effective¡ess and usefulness of the science approach being used Ln the
rtrlit, Infor¡ration will be gathered through classrocrn observations,
interviews with the teacher and students, and journal writing activities.

Should you have any questions or require further details, please contact
re at the school . ThÀd< you for your cooperation.

Sincerely.

(Year Four Teacher )



Àppædix B

FITTAL TBCHR, & SN'DE\M TBCHR,
JCI'R¡BL QUESTIONS

1. To what extent do you think this unit was appropriate for ttris grade
I evel ?

a) To what extent do you think this nrcdel (i.e. the STS organizational
franework) is appropriate to ttús grade level?

b) To what extent do you think this topic (i.e. snow durping ) is
appropriate for this grade level?

2. What changes, if any, do you think rnight have to be nade to the
organizational franrework to adapt it to this grade level?

3. In r,¡hat ways did you find the pl anrring stages of tt¡-is sIS trrit
different frcrn those in a more traditional scier¡ce uniL?

4, Ccnpare the role of the teacher in this approach a¡¡d that of a rnore
traditional science approach. Hor¿ do they differ?,

5, Ccnpare the role of the student in this approach and that of a rnore
traditional science approach. How do they differ?

6. In your view, what might be scrne of the positive aspects of this type
of science approach?

7, In your view, what ¡night be sorne of the drawbacks of this type of
science approach?

L If you could isolate a point at which studer¡ts sesred to be able to
clearly identífy Lhe issue at ha¡rd, where would it be? (i.e. what lesson,
date, or point in the framework? )

9. If you could isolate a point at which students sesned to "own the
issue". where rnight it be? (i.e. students took the view that they were
shaping and directing the content of lhe u¡rí t rather than the teacher
alone. )

1"0. what preliminary skills iLid students need in order to do tt¡-is unit?

11. Þlhat prelirninary skills does the teacher need in order to utilize th-is
approach?

L2. In your view, could a single classrocrn teacher handl e tlds approach?
PIease elaborate.

l-3. How öd you feel not "having all the answers" and not being totally
able to control and predict the direction of the w¡-it?



åppsidix C

FII.¡AL SN'DENT
I¡TIHVIEW QUE TÏONS

L. vïhât are sc{ne of your concerrÌs about the Lyndal e site?

2. 9lhat are scrle of your concerns about the Waverley site?

3. What do you suggest we do with the snow on the streets?

4. Vìhat precautions would you take at the snow dtrrP sites?

5. f,lho is responsible for the snow durqr sites?

6. If you had concerns and opinions about hhe way snow is being dwrped,
is there anytldng that you as a student could do about it?

?. tlhat did you like about this unit? l'lhat did vou dislike about this
wr-it?

8. How ùid tl¡-is r¡rit differ frcrn other science r¡nits you have done before?

9, lfhat did you I earn through this tnit?



Àppeadix D

SCHEI'I,E OF I,ESSONS AITD ÀETIVITIE

Lesscn lÞte,/ri¡r¡e Topic/Actit¡ity stage

I Mar. 7 Introduction: t
60 ndn, - Posing the Problan

- setting the stage
student journal: f'¡hat is the

probl sn? (I)

2 Mar. 13 Inve-stigations of snow samples I,2
60 nin,

3 Mar. 15 Review snow experínrents L'2
60 min, Getbing ready for the field trip

4 Mar. 16 Field trip (1) to snow dwrp sites L'2
I80 rnin' Disct¡ssion of field lrip

observations
Student journal: 9that is the

problern? (2)

5 l'1ar . 21 Review experinients L,2
60 nrin. Stude¡rt journal: List questions that

need to be a¡¡swered

'--Spring Break--------

6 Apr. 3 Review que-stions frcrn Lesson 5
60 ¡nin. Classify questions

7 Apr. 5 Revieçr question grouPs
60 rnin. Students select research groups

Video: Sal t

I Apr. ? Introduce interview techniques
60 ¡nin. Groups meet with group leader

Research begins

9 Apr. 11 Snall group research
60 min.

I0 Apr. 12 Sml I grouP research
60 rnin.



11 Apr. 14 $nal I grouP research
75 ¡nin. RePresentation of students visits

District 6

L2 Apr. I7 SnaI I grouP research
60 min,

13 Apr. 19 speaker: Independent researcher 2

60 min. studying Lyndale site

14 Apr.2O $ra1l group research 2
(a.m' )
60 min.

t5 Apr, 20 Field trip (2) to dt¡rp sites 2
(p.m. ) Discr,rssion
180 nrin,

16 Apr, 24 $nal I groups - preparation for 2

30 min. Presentations

17 Àpr. 25 smll groups - preparation for 2

60 min. prese¡rtations

l-8 Àpr. 25 Group presentatior¡s 2

60 min.

19 Apr. 26 Group Presentations 2

30 rnin.

20 Apr. 27 Group presentations - conch¡sion 2

60 nrin.

2l Apr, 28 Review a¡d clarify infornation 2,3
60 rnin, frcm presentations

Discussion of views
Student journal: 9lhat are your

concerns?

22 May 3 Ðiscuss and list concerns¡ 3

60 ¡nin. Studer¡t journal: ¡'¡hat do we do now?
(strategies )

23 May 4 List strategies 3,4
75 ¡nin, Discussion of strategies

Student journal: What should we do?
Evaluation and selection of strategies

24 lray I Draft letter 4,5
60 rnin. Begin newsletter



APPENDIX E: studer¡t Research Questions and Categories

croup Ir Questions About Water FIow and Drainage

1. Which way will the water flow?
2, How long will ít take the snow to nrelt at the sites?
3 . Has I^lirur-ipeg ever had a f I ood?
4. $lhat happens when the ice breaks?
5. Why can we see the culvêrts one year, but not the next?

croup 2: Questions Àboub SÍte Locations

L Àre there other snow dr¡rp sites in the city?
2. I.Ihy did they pick those sites?
3. I{hy did they put the dr¡rpsites beside the bridge?
4. Is anyone in charge of the snowdurp sites? Who?
5. Does the farner have a choice? Why r.¡as the site placed beside

his property?
6, Does it natter where the dwç¡site is?

croup 3: Questior¡s About Contaminants

1, Where r¡ill the mud aÌrd sand go when the snow nelts?
2, what danage will be done to the farml and?
3. l.Iill the salt stay in the ¡m¡d?
4. Should snowdr¡r'ç¡ sites have sqrpone checking to see what is dtrwed

there?
5. will the contarninants affect the wildlife?
6. What contaminants are in the snow and get into the rivers?

croup 4: guestiq¡s Ãbout Erosion

1. wiII the land erode as the snov¡ nells?
2. I{íll the r¡ater erode the riverbank?
3. }lill the water affecL the power lines?


