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‘55‘ e L Abstract T
' B Ea "-“4“ ﬁ i( o ‘ B
The purpose of the atudy'is to develqp a Taxonomy of Curricuiar
Dfscourse by taking a multi—perSpective view of science textbook S
discourse. The approach used is conceptual analysis. The five

theoretical perspectives which are the basis of sentence’ by sentence

analysia of textbook discourse are. epistemology of . science, normative

perspectives, curriculum emphases, practical inquiry, and science— a
technology—society (STS) education. Theae perspectives provided
criteria for testing the validity oﬁ\the taxonomy which evolved in the ~

course of analyzing and classifying six chapters of high school

‘chemiatry text. The taxonomy represents an attempt to make

'Aepistemology accessibJE'through the language of the - practical

distinct from the 1anguage of philos0phy. The major findings of the .

.research was epistemological. An’ gpistemological ‘triad of resultant

knowledge, procedural knowledge and- required action was discovered to

'be present in all science textual discourse. The triad conceptualizes

the relationship among the "what7", the "how?", and the "action.

required" components of discourse. o L -

From a normative perSpective, ten. knowledge forms ‘were initially

1

identified as being valued by various interest groups within

:‘chemistry. From a curxiculum emphgges perspective twenty-two knowledge

forms are subsumed within five curriculum emphases. science,;

technology,:sodiety, commuwication, and pedagogy. An alternative

- definition ‘of science-technology-society science education in: terms“fh
A {éof conceptual empirical, process, and epistemologicﬁl knowledge formsl‘J' o
'R,is deVeloped. A research—practice dialectical relationship with an
‘;,ongoing curriculum project was employed. Epgstemolpgigal harmony with

~"p_actitioners waa sought by developing a language for explicitly

”ffintroducing epistemology into science teaching. The Taxonomy of

“sturricular Discourse 1is presented as a point of. departure for the

lfﬁexamination of the nature of curricular knowle g in science and its)Jf“f*

.*ionsoing PedagOSical purposes- S
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discourse

of Cu/;icular Discourse was developed. Concurrent-withvits deyelopment

" . the

S

- The researcher began t;} research with a pluraliscie¢ commi tment to a

‘multi-persnective'yiew of knowledge formskin science'education to STS

science education, to the concept of curriculum emphaees, to the

epistemology of scientific and technological knowledge, and to-
- S N . ‘
practical inq_//y into educational activities. The research study was

>
v

;-limitedxto the/ purpose of formulating a taxonomy for claesifying‘I oy

'knouledge forms found in‘durriculér diecourse;fchemistry textbook v

as chosen as both the source 'and the test of an evolving

thxonomy of curricular‘discourse; A taxonomy called the STSC Taxonomy '

‘, !

.

axonomy was used by the authors of the STSC Chenistry textbook

to'guide their textbook writing. The dialectic between the research -

roject and the curriculum ﬂroject was- of mutual benefit. Hopefully,

P
S P

- ,the STSC Taxonomy will continue to evolve Pnd continue to be ‘of use

/, . t, ' . ‘ X . . ‘ N

to others. e e ‘ e e
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fa for tﬁirteen years and hopefuIly will continue for many more.‘c""
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Chapter‘l: The_Problem .

# A. The Problem'

'

f‘uﬁéépirical research in science.education can be claasified in.terme,of'

the four commonplaces of ‘education.

, "Of the four topics of education—the learner the teacher, ther
‘Imilieu, and the subject matter . (that which is intended to be =
taught or, learned)-none has been 'so thoroughly neglected in the

past'half'century as the last .‘.‘.."‘(Schwab,‘l964: 4)

The Shulman and Tamir (1973) ‘review of science education found
‘}evidence for a lack of use of subject matter ‘as a siénificant research
\'variable.‘Subject matter’in‘science educacipn includes the ". ..
A,\concepts. 15Qs; and'theories that ‘provide knowledée necessary for

‘exéleining’and predicting eVents‘in nature‘as nell as the lanéuage‘

‘neCessary for the,descriptionfof‘nature"‘(Stewart et‘al 1982)

Besides conceptual knowledge and' language, subject matter also
[ \ \ ] ’ ‘
" includes the empirical,knowledgg that is used in the formation of and

‘the testing of conceptual knowledge. Subject matter as a research

e‘initiative could take many forms. The current study\will examine the

4 variOus kinds of knowledge that are presented in science education N .

textbooks. . g
' il

]_“"a The initial purpose of the present study was to look for evidence

| Il

l pof the authors epistemological approaches 1n science textbooks.;iu
"Before this purpose could be fulfilled it became apparent that an
'epistemological analysis of the knowledge forms present in textualf

“[discourse would have to be completed. The general purpose for the



L v . BN ' ‘ 2

.“étudy,therehfter;dascodevelopacaxoncmyofknowledgeformspresent1n

fatiee) ' . s '

E ;;. N v ‘ . . ‘

W STS.chemistry textbooks.
K oo N

A\.\‘ﬁ‘.n '

a C ‘ ‘ - :
;PTbe specific purposes of the study included an attempt to use
< A ' \ .

. epistemology gg‘a‘cgncqpcﬁal organizer o@ff;owledge components in

chemistry textbook discourse. A second specific purpose of the study

b 'was to develop a taxonomic description of a science, technology, and

T .

. soclety (STS) high §Eh961 chemistry textbook that could be used by the

L 3

‘greaearcher-and:ofﬁerg to guide the subsequent developmenﬁ (writing),

v'gvalﬁaqﬂon, andlimﬁlementacion of such Cextbooks.:TQrough heightened

»
N N, . o [P

cbnsciohsﬁess, the taxonomic description could help to promote a more
. . Bl . : oy X

Paldnced'pfeseﬁtacioh‘of curricular emphases, a more balanced
¥y esent : ] ,

presentation of confent and context, a.more logical presentation of

substantive knowledge and procédural kﬁowledge, and a greater

conséibusness'of'épiétemongical approaches in curricular discourse
tqgnyex$§cs at the present time. o - \}
TS ; S ’ : '

The specific purposes of the study can be sdmmariZedﬁ%s intentions:
! o ' ! ’ '

l. to identify theoretical perspectives that may be used as

Y

. conceptual organizers and as a source of evaluation crigeria.for
the 'development of an analytical framework for describing science,

techhology3and societi (STS) chemistry textbook discourse

R o

2. to develop an analytical framework in the form of a classification
systém“dr“ééxdhomy that may be used to describe academic science,

techn61Q8§ éndléociety (STS) chemistry textbook discourse

4

W

/



3.

5.

-

to add to the research base on the epistemology of subject matter
o N )

in general and academic science, technology and society (STS)

subject matter knowledge forms in particular

to make epistemology accessible to students and teachers by

)

developing descriptive concepts and a language for the

epistemology of textual discourse that"exhibits é}iscemological

harmony with practitioners of pedagogy

to assist textbook authors in general, and the Author Group* in

particular in their quest to write an academic STS textbook

if one values the type of curricular experiences conceptualized by

the science, technology, and society science education movement, then

\
means need to be found to reach this end. Not only must the conceptual

and empirical research base be firmly established but the science

' education community must be convinced of the importance of acting on

the potential of a science, technology, and society approach and of

[

epistemology as a source of unifying concepts in science education.

[

1

The problem stated for this particular study has been delimited from

the general purposés stated above. The current study examined

. . \ ‘
chemistry textbook discourse to determine the knowledge forms

presented to,studedts. A .taxonomic system is developed and continually

tested and revised over the time;of'the study. The tests of the
N : .

taxohomy involved the classification of six'units‘(chapters) of

o



textual discourse taken from the ALCHEM* 30 (Grade 12 chemistry) and

the STSC Chemistry 10** (Grade 10 chemistry) textbooks. The primary

)

focus of the study 1s on. the deveigpmenc of a classification systém

* ALCHEM Description .

The content and format of the ALCHEM materials are unique in at least
three ways: a) applied and descriptive chemistry are integrated with
chemistry theory: b) the academic level of the chemistry content is
kept at a university entrance 'level even though the context for the
. chemistry content is applied and descriptive chemistry, and c) the
three student core books consist of pages which can be inserted into
student loose leaf binders. In {its present form there are three core
books and seven elective units in the ALCHEM program, The core books
are called ALCHEM 10, ALCHEM 20, and ALCHEM 30, and can be used as
the basis of two half-courses and, one full course, respectively, or
with two full courses. Within ea&ﬁ unict, student laboratory work,
teacher demonstrations, and student exercises are integrated with the
textual material. The textual materials were written and edited by a
group of teacher—authers, The Author Group, Inc., in Edmonton, Canada
in the time period -(1973 - 1982).

** STSC Chemistry Description

The STSC.Chemistry ‘textbooks were written by a group of seven teacher-
authors, the Author Group, Inc., in Edmonton Canada commencing in 1984
and again comprising a two one~semester and one full-year course '
sequence, in high school chemistry. The textbooks are used in high
school academic chemistry education courses. The textbooks mgve beyond
the applied and descriptive chemistry contexts of the authors'

previous textbooks to subsuming all content and contexts into four

. curriculum emphases. The curriculum emphases that serve to organize
the textual material are-sci nce,’ ;echnology, society, and
communiication (STSC). These STSC emphases were chosen not only to
coincide with the current’ STS |science education movement, but because . .
each emphasis is defined by epistemological content to be learned by
students. The nature of each STSC emphasis is presented implicitly and

explicitly within the textual{discourse.
,/



for chemistry textbook knowledge and textbook emphases and not on the

évalgacion or description of the particuiar chapters and textbodks ‘

. . .
analyzed.

a
»

The research in this study i1s guided by the two questions which

§ollbw.,The reSeafch design within which these questions are answered

involves the inftial conceptual development and then evolution of a
classification system through the sentence by sentence aﬂalysis of the
six selected chaptérs of chemistry textbook discourse. The goal of the

research is to classify knowledge forms found in chemistry textbook

r

discourse. '

l. What theoretical perspectives (sys;ematic conceptualizations) may
be employed as‘conceptual‘organizers for developing an analytical

framework to describe science textbook discourse?

"

~ 2. What are the characteristics of the analytical framework which s

developed to describe sctence textbook discourse?’

‘These guiding questions are addre#sed By means of a research strategy

built around the conceptual analysis approach proposéd by Roberts and.
Russell (1975).‘Accofding to Mahung (1980) the first two steps of

conceptual analysi; as applied to the description and évaluatfqh‘bf
- ‘ - _ . - S
curriculum materials are the identification of'a theoretical !
.‘ ’ ‘f ) , ! »rzl..
perspective and the development of an analytical framework. These .
. : T E R

c . \ _ .
steps are used and reused throughout the study in an'iterativé‘way to

VQevelopfénd refine,the analytic frémework of the cakonomy.

.



* ;
\e i

‘\ {v

The concepts by which the guid ing questions are formulated will be defined_

"in context as this thesis report is developed The definitions of terms and
L] 4
' 1 '
~.concepts are complex and context imbedded Hence presentation of summary

\

definitions or even def init ions from within the context of the study at this

‘a

point in the thesis reportis notlconsidered useful. .

B. backgroundfto the’Problem

‘Periodically in any‘discipline{avseries of‘integrative‘thrusts are
made to try‘to encapsulate what‘has been achieved t0'that particular,
point in the discipline. In scienceAeducation curriculum such a thrust
is currently made possible by the conceptualization of . science,
technology and society (STS) science education. Typically the sciencei
education discipline has been’ split into various factions (e.g.,‘

" theorists and’ empiricists) The knowledge claims upon which the
various science edUcation factions‘support their‘particular curricular

emphasis is both ‘theory. and value laden (Kuhn, 1970) The concept upon

which the stand is’ taken is usually epistemological i. e., based upon
(

the nature of science and/or the nature of pedagogy. The blend of the -

scientific and pedagogical foundations of knowledge is what makes for

interest and diversity 1in the study of science education. A particular |

curricuhar emphasis chosen and often‘narrowly.followed is value‘laden

in much the same way that conceptual and empirical knowledge in the

"
.

scientific field can be claimed to be theory or value laden. For
' *example, observers claim that the high school "alphabet courses
: g(e.g., CHEH Stud.y and PSSC Physics) of the 19609 reflect a valuing of

]

" :university chemisty, resulting in school textbooks which resemble -

J



1

university textbooks in their approach.

'i N

The kinds of knowledge and corresponding ways. of“knowing valued by
- ]

,various groups of science educators have been categorized by Jenkins~
‘and Kass (1981, 1983 and 1986) as theoretical empirical.
technological procedural pedagogical reconstructional and
epistemological These categories are defined and described in the
backgrdund papers presented in Appendix A. Each of . these knowledge'
forms has its own pressure group in science education. As described
‘by JenRins (1981), the particular subculture to which.each'ot us .
belongs will‘depend upon our generalfcultural‘heritage,lour chemistry‘
ﬂ‘education experiences,'andlour staée‘of consciOus gronth‘as chemistry
educators.‘The variety‘of‘emphasis placed on diff;rent‘valuespis_
_healthy, but eyeryvcurriculum developer and every author should be

1

conscious‘of his/her,yalues’and‘identify them in his/her work.

-

In chemistry‘educatiqn these‘subcultures have included those who -
emphaSize descriptiye chemistry,.applied‘chemistry,henvironmental
Mchemistry, process—skill chemistry, theoretical chemistry, laboratory;
‘chemistry, critical—thinking chemistry, science-in-society chemistry,'

V,ltechnological chemistry, naturerof;science chemistry,.contextual lf

"chemistry, pedagogical chemistry, historical chemistry, nationalisticb7
chemistry, household chemistry, equilibrium chemistry, gas-law
chemistry, bond—theory chemistry, and something called modern
.chemistry. Each of these themes or emphases have had corresponding

_chemistry educstion textbooks with titles or subtitles that reflect

J the-primarily aingular emphasis for-that particular book e.g.,lwr

""; e S R o



ALCHEM @pplied and Descriptive Chemistry (Jenkins et al 1982) Chemistry .

A Cultural Approach (Kieffer, 1971) Chemistry. An Experimental Science

': (Pimintel 1960), Chemistry, Man and Society (Jones 1976) Environmental

Chemistry (Pryde, 1973) ModernChemist—ry (Metcalfe 1974) Foundations of '

Chemiatg (Toon 1968) Applied Chemistg (Stine 19(578) ‘and- Chemistry for

Changinﬂimes (Hill 1972) One chemistry textbook claimed an integrative .

approach—IAC: An Integrative proach to Chemistry (Gardner 1973)—but has
| been perceived for example by the Alberta Education 1977 Chemistry Ad Hoc

: (Curriculum) Committee to have too low a level of chemistry content for‘a

high school}academic chemistry course.

No formal studies seem to have been conducted on the connection

vbetweeéa the extent of applied and societal chemistry material in

'textbooks and the level of chemistry content'in those textbooks.

Chemistry educators familiar with the range of textbooks aVailable

[

would probably agree with the generalization that the " higher the leVel »

of chemistry‘content in high schoolchemis‘try textbooks the lower“will

. be the extent of applied and societal chemistry context. Thus the

'problem of integration not only appears to be the splint’ering of

- . » e

_themes and emphases, but also the perceptierT'that the good" students

: get theoretical chemistry and the poor" students get applied

~'-;“:to have picked up on this connectién yet, but teachers such as ‘the -

' "'authors of the ALCHEM and S'I‘SC Che-istry materials seem to disagree

. 'y

"“f:,pedagogically that these connections are necessary or- desirable.

\

‘chemistry. Social critical theorists in science education do not seem L



ltural Approach (Kieffer, 1971) Chemistry. An Experimental Science

intel 1960), Chemistry,Man and Society (Jones 1976) Environmental

stry (Pryde, 1973) ModernChemist—ry (Metcalfe 1974) Foundations of '

atgy (Toon 1968) Applied Chemistg (Stine 19(578) ‘and- Chemistry for z :
;ing Time (Hill 1972) One chemistry textbook claimed an integrative 7

>ach=IAC: An Integrative proach to Chemistry (Gardner 1973)—but has

perceived for example by the Alberta Education 1977 Chemistry Ad Hoc
‘iculum) Committee to have too low a level of chemistry content for‘a

school}academic chemistry course.

formal studies seem to have been conducted on the connection
'Qa the extent of applied and societal chemistry material in
»ooks and the level of chemistry content'in those textbooks.

stry educators familiar with the range ‘of textbooks‘aVailable
probably agree with the generalization that the " higher theileVel

emistry‘content in high school,chemistry textbooks the lower‘Will

e extent of applied and societal chemistry context. Thus the ‘~ 0

em of integration not only appears to be the splintering of B | : : 'lf.‘

8 and emphases, but also the perceptioh—that the good" students“ |

heoretical chemistry and the poor" students get applied

stry. Social critical theorists in science education do not seem L

ve picked up on this connectiOn yet, but teachers such as the'f

rs of the ALCHEM and STSC Che.istry materials seem to disagree

: l,ﬁ‘j ".‘

ogically that these connections are necessary or desirable.~~

K
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. . : o ‘ ) )
motivation by teachers, for example to move independently and individually y

[

‘toa multi-perspective science education curricd‘lum. Many of these people

indicate however that they do not understand what is meant by STS science X

’ and want to see a structured outline of what it means. More importantly, they

" T K

o want to see what some‘class roomoriented textual materials would look like. 3
- Many classroom teachers feel that they have been "s tung" before on faddish
curriculum trends which in the end they Were responsible for implementing

,without adequate pedagogic classroon materials.-

A comfortable and‘creative ‘classroom climate depends very much on

‘the pedagogical effectiveness of the curriculum materials selected. If =
the. teacher is 'uncomfortable'withthe materials; then new content or
contexts introduced in a new curriculum are unlikely to be integrated

» into the teachers "functional‘paradigms" (Crocker, 19}8‘3; Lantz,
1984)."'lfhe researcher‘s experience in and around th‘e 'class_room

[
o, , KN

‘in'dicates thatf the student -also has certain expectations of what a

curriculum should look like. If the new materials are not easy to

learn/ from or if they stray too far from the 'norm, the majority of

“the students and particularly those headed for university will object, h

r

at least covertly, ‘to the change. For these reasons and others

. relating the nature of science to pedagogy (Jenkins,l1980), pedagogy»fwxﬂ

‘can not be ignored when developing a curriculum or. curriculum

Aimaterials. Unfortunately, as. evidenced by Roberts' survey of

(‘nfDepartments of Education science education objectives (Roberts,_l982)

7the pedagogic component is most often taken for granted or, at least, hi“v

In this study the pedagogic;g;f

;fnot stated formally or explicitly.




SR component is conspicuous and structured as content and context. When
specificallysoughtwithinsCienceEduCAtiontextbooks thefrequencyof

. statements giving instructions to readers is found to be high. Kuhn (1970)

Yo
n .

\hasindicatedtheimportanceofpedagogytotheacceptanceofscientific
o, paradigme(knowledgeforms)withinthescientificcommunity.Hhenthis .
. k : ‘
pedagogiccomponentisdefinedandintegrathwiththeSTScontentsand
N ! f oo

‘contexts,onegetswhatmightbecalledSTSP,i.e:,scientific,f

) o . L
', ) o ! P - "

R

‘('gechnological; societal?vand.pedagogical,‘science;t;‘ | :‘U
v N K y : ; - o s : , :
' Context can have many meani[gs in science education.aln one sense

‘congext can refer to knowledg‘ given to people which &rovides a

GER W ) \ t

\ specific situetion, circumst7nce, relevance, meaning, or way of.

~- R

joining something together (Houghton Mifflin dictionary, 1982) For

ot example,‘a geographic‘place‘where.a chemical is found naturally org

i .
) ; \u :‘x,,.‘.,. :

B I .
R produced technologically may be provided as a context for the main
\ cpntent"of a sentence in a texcbook ot 1“!3 verbal statement in a"
oA s . ! Y. . T A . ‘ ) it ) ,
' - N - R LY : ! ! ‘ ' .\ ‘ v“ '
3 classroom. et RUDV.
ENAE ‘~',<.~...‘,‘_, PO o B 'N ' s
. 4\’ “~. . .- | ‘:‘n‘ (9“, ,

A second contextual framework can involve the use of epistemological

Sl ety '

'""language in the stfﬁEture of the sentence. The limitations,‘extent of'

'Tfj evidence, validity, appeal to logic, or’ way of knowing for a
3fﬁ particular piece of knowledge may be provided as context in a sentence
ag illustrated below (The Author GrOup, 1984). This epistemological

context 1s differentvfrom epistemological content given to someone as X

,‘the main thrust of a sentence. The epistemological context becomes a.

{;;pitii‘iﬁla scientist, engineev,ﬁsociayﬁﬁéientist, or pedagogue. An example of

L)

s

e,
PR

o !
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e [

identifying language expressing epistemological conte)ljt is an exercise -
|

given to S‘l'SC Che-istry 20 students. Grade ll chemistry students are

‘required to underline epistemologically oriented scie {tific 1anguage in a.

e

. 'G;;’espie (1974) article defending VSEPR 'l‘heory. The discourse underlined
relates to the nature of science appeals to evidence, and expressions of

uncertainty. Common phrases encountered include, According to ie W, "The
evidence suggests t’hat .+« ", and "We & are still uncert in as to. . .".
Further examples from science classroom and gcience magaz ine discourse are

#

: pres‘ented in Appendix B. The Author Group has also cond]ucted workshops with .

teschers on the topic of epistemological 1anguage in s'cientific discourse, .

Al

providing techniques on how, to incorporate such language into class room and

' testing discOurse.

Much h'a‘s been written in the last‘ few decades concerning ‘

epistemology in- relation to scientific versus other fields of study,

the nature of science, the nature of . science education‘ r,esearch,‘and .

"_the nature of instruction in science education. The works‘ off liuhn 'and :

K .\K

rPopper from within the field of the epistemology of science ha\re had ‘

LR A IR

| considerable effect on the epistemological studies in‘ sev.eral ’areas‘ of

K veducational endeavor. Many_, educational papers and research studies SR
L . \\ . . L

".'lhave dealt with the presentation of the nature of science in the

“"..‘,’.::classroom setting (Nay, 19/71' Abkenhead and Flemin;, 1975 Benson, '

1985 Brouwer and Singh 1983, Factor and Kooser, '1981, Kass and
."‘jJenkins, 1986 Hunby, ‘1982 Miller, 1984). However few have looked atf‘ " |
. g . . ',A

the full spectrum of knowledge and ways of knowing required of science N

) satudents in the cIassroom setting (Roberts, 1980 and 1983 Jenkins,




‘ixnuissues. The ways of knowing identified by Aikenhead (1980)

t
'

1981; Kass and Jenkins,l982v)T The present study has,madekan attempt to

provide some of the empirical and conceptual background necessary to this
. multi-perspective view of science education. n
- } \ ) ) . ‘ ' o s

‘A related development‘ih science education'has‘beenwtoiconaidera\

science;in—society issues in the classroom. ﬁowever, the approaches _d

taken bv teachers have‘been individual and guarded. Many films and |
\‘video tapes now exist that‘cover science:in—society>issues (e. g.,'

"Ascent of Man" "Connections , and "Renewable Society ) These ,are

often shonn to people in the classroom setting, but a starting
“structure‘is generally missing for teachers who are,afraid te tackle

these issues. Most science teachers are also unsure of where they

} ' ) L . CrS } ' -
A-"'q-‘\
should leave off and where the. social studies, art, electronics,},,ﬁ

~

)
rautomotive, or computing science teacher should take over. The Author .

'Group (1986) started with Aikenhead 3 and-Flemming ) (1975)
‘classification~o£-seven ways ofuknowing and revised‘and‘reapplied~this‘

‘ !

.list to include a series of twelve perspectives on science~in-society\”;

4 ‘ . s

xfartistic, political, philosophical, economic, technological

:'religious, and scientific. The perspectives identified by The Author
‘Group include aesthetic, ecological economic, emotional, ethical

"1

,legal militaristic, mystical, political, scientific,'social, and
1_technological. This list of perspectives has been used with students

' ﬂ-fto classify perSpectives taken on such science and technology in '
‘ o . . e

s "'.

“?fﬁsociety issues as acid rain, nuclear power, and alternative energies. :‘14f

‘fhxaThe goal of this approach gs to have students (people) take and demand




" ‘ ' A
'anmltiperspectiveapproachtoproblemsolvingofissues.The‘

; multiperapective multi knowledge—form multi-emphasis and multfi-~
’ epiatemological.approaches adyocated by this researcher make the research

‘repo‘r‘ted herein conaci‘ouelv and’ exp"li'citl'y Value l‘adenin that direction‘.

: : \
The description of any part of the. educational system must by its

nature be complex but that should not deter the educational community
from crying to describe and understand this interesting human

activity. The goal in such a study should 'bée to make the’ eduiitional

( - .

’ “community_more conscious of the breadth and depth of the‘types of
. subject matter content‘and contexts presented‘within Classrboms..This

- consciousness should provide evidence of what we seem té value more

and what we seem to valueﬁlees.\vathe‘analysis”provides evidence to
support the cbntention that‘the_goals'andhobjectives are being. .
attended to;,thenuthe‘educational~community.can’feel‘satisfiedawith

ﬂltSugoala and objectives. However, an increaséd consciousness of mQst

human activities usually provides. some suprises and some/reasons for
» o I .\“A“‘\. ) ' ' .
action, o " v

The debate over the content and contexts that should be provided

O ¢
RO | '
I [

~ ”hfa nature of science or’ a process skill or a scientific content

Miwithin science curriCula has lacked structure, perhaps because of ‘the

“fstrong individual initiatives on be?ﬁlf oﬂ singular curriculum

'/4' v \ 3 \’,

:dtemphases. Structure has been developed to describe what is meant by

[

hfpemphasis. A descriptive structure .as’ to what knowledge forms comprise




‘ ',:materials foc the eleven year period from 1973 to 1984 During this

| 1S

,deve10ped within the context of a particular set of chemistry textbook h
‘;materials té)classify the kinds of knowledge given to people, the ways

’

of knowing required\of people,‘the contexts provided, and. the

epistemologies and curricular emphases employed.f

'
B
A

C. Personal’ Ground

[

Since constructs like the‘classification{system developed‘and tested

herein are-seen by an increasing number of philosophers‘of'science as
being theory‘and'value laden3’my personal ground 1is presented tov keep

. the conceptualland value oriented background of the'researcher "up
front". The context of the study is also firmly set 4in the context of
. ' e ! . K “.,"‘ ) ' . ‘ ' - ‘. .
my professional and business.pursuits.-There is.an overlapping‘of

'

influence among my involvements’ in research, teaching, authoring, andf
'-publishing.l.“' “. . oo : C o A i
-‘My interesrlin the epistemological‘analysis of,hnowledge presented=
in science~education‘textbooks stems from my work as a teacher—author

of chemistry and physics textbooks. I worked as an auﬁhor and editor

‘1of the ALCHEM (see Appendix ‘B for a description) chemistry curriculumf

Ve ' v

o period of time the teacher authors of the ALCHEM materials attempted

‘to integrate applied and descriptive chemistry contexts into‘[V

I . PR ~'.¥"
'

i theoretical" chemistry content.‘The contexts were integrated in an . ad

T
-

,lnhoc way into the examples, exercises, laboratory activities, and

"“fdemonstrations within the ALCHEM‘textbooks. Thé idea was that every

Y
R ;

‘question within the curriculum materials shauld have an applied or
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descriptive chémistry context:. The content of the course was not changed and
Al ! .

the academic flavor of the curriculum was maintained. The contexts were

,esaentially"addedon".

\

My authoring efforts also included writing appried‘electives’to-

complement the ALCHEM core materials. I was involved in writing the

eiectives titled The Athabasca Tar Sands, Ethylene and its

Derivativea, and Nuclear Chemistrz. ALCHEM elective units that 1

éﬁited were Analytical Chemistrz, Foods and their Analogs, and’

Metallnggz and Corrosion. The difference between the core ALCHEM 10

ALCHEM 20° and. ALCHEM 30 .materials and the elective units was that the

-

core materials were structured anOund the content line and contextual

material was incorporated on an ad hoc hasis, while the electives were™ .

[
i

structured around the context line and content was brought in as
»

appropriate. This experience had a definite part in shaping the .

integrative, multi-perspective approach to textbook writing anq? ‘FD& '

research that I currently value. 1 found classroom evidence that

pedidgogically ;fficient,and motivating ways cf presenting content and

context simultaneouely are availdble. This evidence has sustained The

®,

Author_Group and its indiyidual members in their sciencé education

-

pursui% R L T :
: . L L . . {,}»..',‘)] Va \’ ‘

Even during the ALCHEnyears the textual materials were stil% far
~.

behind the conceptualization of the authors. Although the_ topiés for

W

!the elective units weye: chosen. on the ‘basis of interest and social

the treatmeént of . science-in-society issues was absent from

importance,

the ALCH?M materials. Only in the very late stages of development of

o ) _;!
&
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the continued revision of the ALCHEM materjials was any explicit attention
~ .

1

given, for example, .to the nature of science.

During tke early 1980's the other ALCHEM teacher authors and [
1;corporated as The Author Group (ALCHEM), Inc. and scartéd preparing
for the wriﬁing of a new chemistr§ textbook (STéC Chemigtry: Science,
Technology, Society and Communication Cheaistry) "from scratch". Ther
"authors. felt that ALCHEM "had been revised to death'-~a he; start was
needed. The auch;rs stérted reading and trying ideas in the area ofj
what was later t$ become STS science education. The combination of

university work, writing s?bbaticals and author group seminars led to

the conceptualization of a nature of 'science emphasis fbr‘high school

chémistry educatién. Lacer thé‘adchors matched each unit of work in
the' Alberta chemistry curriculum to an STS emphasis. Writing of the

. STSC Cbemist}y material began in the summer of 1984. At this time the
,nature‘of sciénce emphésis had been fa;rly well outlined b} The Author
G:oup but the iechnological and sociecal‘emphases lagged behind. The
‘discué§ion'paéers writfeé as part Sf the Science Council of Canada
science education study were used to gain some commonality of languége

and concepts. . o ' .
L% .

I was‘wérking on é‘Ph.D. iﬁ curriculum dyring ;his time and do}ng
considerable reading 1; the area df‘nature‘of science. My'emphaéis'was
on'finding pedaéogic ways.of 1ntroduéing to étudents the:epistemology
of scientific, technological‘and‘soéiétai,gnowledge and ways df
knowiﬁg. The use of‘scientifie languége,in the plaéétoom; science

4 .

magazines, films, Yideos; oral scientific presentations, and textbooks
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became a focus of research for me during this time. Any 1deas which seemed

worthwhile were quickly t'ried out in my classroom.

4 )

During 1980, beeides actending university on 'a Ph D program, 1
completed my share of ‘the writing and editing of a solar education
elective' textbook for Grade 11 physics. This provided ‘mé with another

'oppOrtunity‘to consolidate my belief that a science and technolog§ in
society context could be integrated with academic science content.

Energy Mines and Resources Canada contracted The Author Group in 1985

to complete a computer program and curriculum resources project: to

~

simulate the design of a low-energy, passive-solar home (LEPSH). This

project also allowed me to develop a betrer concept of ,Canadian

|

context. The modern LEPSH is a Canadian invention containing'Canadian

' Q
technology; 1.e., double wall construction, Larsen trusses, air—to—air

¢ .
-~

heat exchangers, high' efficiency stoves and furnaces, and air tight

construction. Science, technology, and ‘society were an automatic part
O : ) ot ) , .
of the everyday discusSions and activities of the students. For

A

example, students were asked to classify ‘perspectives ‘on .the issue. of

alternative'energies;
¢

-

All of these curricular involvements strengthened my belief in the

-——aS¥S—science movement. However, as I looked around at examples of STS

.science education I was discourageduto see the narrowness ‘of the
dapproachee~being‘taken; Either science or . .technology or social issues
T ; ' o e o o
were-focused upon and the‘closer the textbook or course was to.being
\

STS. the less academic was the conCent line. Balance became a new

catch word 1d science education, but again balance was often narrowly
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\ : ‘

defined@stmlancedcontenc(eitherequalamountsofehemistry,physicsand

\ ‘ - , )
biology1ntacoursgorequalamountsofscience;math,englishandsocial

[

«\\ s . '
studies it} a curriculum). Balance tome (like Roberts, 1983) meant a balance
\ ' ‘ .
of content'{and context, a balance of curriculum emphases, and a balance of

curriculum interests.
\

' ‘ \ )
Over and QVer the pendulum of education interests swings. It seemed

to me that STS‘science was the opportunity of. a lifetimé (maybe
several lifeéfmes) to finally put together what we-have learned from

all of our pendulum, swinging. Scientific and technological process
\\. .

skills, environmental science, the nature.of science, science-in-

v

society issues, applied 'science, modern science, academic sclence,
. \ . > ‘

\

descriptive‘scienc% and any other emphasis can be brought together by
. o . [ I L
STS science. 1t was\my.feeling that this opportunity must not be lost,
\ “
and it. is this feeling that still motivates me in my authoring and
\ .

\ P

research. ' ‘ \'

Mybresearth intérests are pr{mérily eipirical and practical. This
study began with a paper I wrote for abplenafylseqsion at the Sixth

LIdcernational Conference 6#‘Cﬂemical Edﬁcation at the Unibersi;y of

v

Maryland in 1981. The”pap‘ryﬁas-titled, "Custom Tailoring the .-

Chemistry Curriculum to th Culture". The point of view presented in-

the paper was reflected by the subticle-"A Classification of Chemistry

" Education Subcultures". Thi§_c1aésification‘of sqience education

values was revised many times following 1981 and grouped in a variety

me on the science education scené. The
v X . . .';‘ ' S

of Qa&é»until the STS concepﬁ
*\ggédpihg‘f o

- S8TS f:ameworkkseeméd to be a nat fal_geﬁ of~emphaséalf




thesecategories.Thenektstepwastestingtheclassificationscheme

[

i against what is written, sentence by sentence, in science textbooks.‘ This
i , ‘ ! . . . . v
tescing process is what this study is'about.

The testing was done on the ALCHEN a d STSC Che-istry materials. The

A

dialectic relationship, between the evolution oﬁ the STSC Chemistry

materials and the evolution of this research to describe STS science
‘ ‘ ? ‘ o
education, has bekn mutually beneficial. The research has helped guide

the STSC Chemistry writing and the writing has helped guide the

research-consciously and with purpose.

D. Design of'che'scuay

N

The design of the study is similar to that developed by Roberts and
Russell (1975) and described by Mahung (1980) as conceptual analysfs.

g

Conceptual analysis involves three stages. The identification and L

conceptualizationvof a theoretical'perspective (or systematic
conceptualization) to. guide the study is the first stage. The
development and testing of an analytical framework is the 'second.
h;‘stage, and the appliCAtion of the analytical framework is’ the Ehird

‘stage.'

The nine stages of the current study as presented in Table 1. 1 can

.be subsumed within the three stages of . conceptual analysis..In Stage

\

fl, the current study identifies five theoretical perspectives to’ guide .

.

vthe study. During Stages 2-9 an analytical framework called the

x‘Taxonomy of Curricular Discourse is developed and tested. The

‘theoretical perspectives are used to establish criteria against which



.

“theanalyticalframeworhistestedanddevelopedslheTaxonomyof
CurriculanDiscourSeisapplimitotheanalyticalclassificationof

chemistrytextbookdiscourseforillustratiue;testing}andeualuationf'
'purposes.

\
o

“The design oftthis study was influenced'by.theicontinuing‘teacher— ‘
’author professional life of .the researcher and by the writings of
:Schwab. A study was sought that could be classified in Schwab's terms
as a "deli%erative'enquiry or "practical enquiry-, grounded within 2"
the real;life.conteat of an evolving curriculum projectc.The.
researcher sought a study-that‘would reflect'abpersonal commi tment to
‘uncovering a multi4perspective view of curriculum.‘As a.student of the
philoséphp of knowledge and as a‘professional‘in‘the field of

pedagogy, a union of these interests was sought. Although the study’

itself had 'to remain scholarly, there were concomitant objectives ﬁor

the study which were firmly grounded in the practical f.e.5 the

.writing of_a~chemistry textbook.;,"' L "l t '
The method of the practiCal ‘(called "deliberatioh" in the loose
way ‘that we call theoretic, methods "inductions”) is, then, not at.

all a linear affair proceeding step-by*step, ‘but rather 'a complex,_
fluid, transactional discipline . .'.. (Schwab 1970 291)

This study includes elements of the practical described by Schwab
e.g., the evolution of the classification system described in

'Chapter 4. The report gives the study an appearance of being linear,‘.

/

: but in fact, the study was not as linear as the list of stages in

#a

Table 1 1 might suggest. The study promoted an intense dialectic 3:

relationship between the scholarly rigor of the research context and‘f A



|
" the practical of the claséroo‘m context. A complex deliberative process“was
followed in both an ekplicit and an implicit sense with the ultimate goal of

informiggpractice. | . o o o “ ;(
) o o N ‘ A
‘The study involved‘a nine-stage development and evaluation‘of'a
taxonomiczéystem‘for classifying‘knowledge forms and‘curriCular
?emphaeesdfound in chemistryieducation textbookvdiscourse. During‘each
stage otAthe.atudy'the‘current”dlassification{system:was‘tested
jconceptually\and empirically for its completenessrand fit. The ‘
5criteria‘tor the‘testing came‘inlthe form ot_using‘thekevolving‘
takonomy to classify textbook discourse'sentehce by sentence. If the
tanonomiC‘categories as:conceptualized‘were‘not‘supported‘by'the

evidence, the taxonomy was usually changed in the middle of that stage

4

.of testing. Due to the—complexity of the classification system and the‘.‘
‘ variety of tests to which it was subjected the criteria for making
-Jadditions and deletions are'pluralistic.'Conceptual‘andlempirical

"o . . v
’.

criteria from the research study are mixed with the same kinds of

T 'i‘

. criteria from the practical perspective of the STSC Chemistry project.
'nThis dialectic relationship between the research project and the
kpractical art of textbook authoring is purposeful and powerful but

\fvery difficult to communicate as part of a formal research design.v’

Due to the continued changes in the taxonomy, the data generated may e

‘“not accurately describe each unit of textbook discourse in relation to{,rl.-

,:the "final“ evolving TaxgpemY‘of Curricular Discourse. The study was
_*more designed to develop a classification system that could be used

gconcurrently during the writing of the STSC Che-istry textbcok and

N



‘Vpedagogictoolforstudentsandtheresearcher'suseofepistemOlogyasa‘

researchtoolforthisstudygaveevengreatermutualitytothedialectic

N relationship between the authors and the researcher. K

. N

"o

'Although the relationship‘between the author group‘and the'research
‘is difficult to describe as part of a research design,‘the stages of
the research can,be tied direct

"The stages of the study (desc

the authors' textbook products.
bed in detail in Chapter 3) are“
.'jpresented in Table l 1. The ‘nakure of the interplay between the
conceptual and the: empirical a pects of the study could be described
as dialectic. An overall view of the study may be achieved by thinkingvV
of the study as a cyclic progression from the conceptualization of the
l.classification system through a series of\empirical tests to the. final
(for the current study) reconceptualization of.the taxonomic.system.

The taxonomic system had a. 1ife cycle similar to the life cycle of a

scientific theory, 1aw or generalization.»y

The fundamental philosophical and pedagogical orientation of the
»iresearcher influenced the methodology of the study and the results o
thSOught. The researcher felt that epistemological knowledge in

ﬂ;_curriculum discourSe is essential to directly informing students about;{‘

'ithe origins and nature of knowledge. More indirectly, teachers and

A

IWthhe nature of curricular discourse. Epistemology also influenced the ‘f o

ijwriting of.this research report. The thesis itself is used as a ,:;

hq;vehicle to present the origin and nature of the knowledge developed

,,-r . .“ LT . P N

:fjduring the current research study.A;
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R S mable o oy Q
o The Stages ‘of the Research Study Resulting in the K '
’ ' Taxonomy of Curricular Discourse L
' _} L B n o , ,‘ ' ] : L b - - . ) ‘
‘Stage T \ Develooment‘andbEvaluatioanctivity{“

! \
Vo

Stage 1. identifyingrthe theoreticalggerspectives for guiding the '
development of the -analytical- framework and conqeptualizing
'the first draft of the taxonomy ﬂY.i L ‘\‘” !
v o R .,' e

. . L , - ‘x “ ; \ .
2. : [l - f . . _ R AR

Vo

Stage Z. evaluating the initial rtaxonomy by classifying ‘the: discourse ‘ .
"in the 1982 .edition. of, ALCHEM Unit L (Grade 12’ ’ ‘ . T
thermochemistry)m‘. L e

; . p (.
P . , e * S,
g | ) i . o \ .

2 of
1975

the' taxonomy by classifying the 'f
edition of ALCHEM Unit M (Grade 12

! \
Stage 3. evaluating “Draft
» ' 'discourse in the'.
\ . thermochemistry);

Lo

ﬁ ' ; . o ,\ L
. e 58 ' ! v . i S
. . ‘ RE [

" ‘Stage‘htﬂevaluating-DrAft. ‘
- b discourse in the 1984

3‘of

O

the taxonomy by c}assifying the

‘edition of STSC Chemistry Unit A (Grade'_‘

atomic theories)

l,lQ; Qgriodic laws and

Stage 5. evaluating Draft 4 of
- discourse in the 1984
A 10 Lcommunicating,and

‘the taxonomy by classifying the,f

edition-of STSC Chemistry Unit B (bradel

predictingﬁchemical formulas)

1
. I i

Stage 6. evaluating Draft 5. of .

- - discourse in .the 1984

the taxo omy by classifying the e

edition of STSC. Chemiatry Unit C (Crade,“‘

. 10, COmmunicating and

predicting chemical reactions)

discourse in the 1984

Stage T evaluating Draft 6 ofﬂ

the taxonomy by classifying the' A
edition of STSC Chemistry ‘Unit D (Grade

A

10, communicating and‘

predicting.stoichiometric reactions)

Y

Stage 8.rconceptualizing ‘the casegori s of the 22 x 3 taxonomy by

Y

or each of the 66

~writing: definitions and example
""categories' T 4

P

[ Stage S. gathering evidence of the validity of the taxonomy in an

.H~J ,‘ny attempt to.refine the conceptul .and o ’rational definitions

" -+ of ‘the. curricular emphases and’ knowledge orms identified
', over the course of the research n;gl:. .

."—‘a‘ 5

——




~ Dl Delimitations ‘ e o
o o J‘ ‘ \‘\
i Of the four commonplaces of educational research identified and

Lo .‘
,

described by Schwab (1974)—the learner, thecéiacher, the subject ) ra‘

i
'

matter, and the milieu, the one. studied in this research study is. f

st N ~ " (
, subject matter. The subject matter 1s not, however, studied in terms

‘of topics (e.g., departments of education) concepts andrsubconcepts
,(e ge s Gagne, 1967), logic (e.g., Inhelder and Piaget 1958)

meaningfulness (e.g., Ausubel 1970), or hidden curriculum (e g.,“

\

‘Apple, 1974) The subject matter is analyzed and classified in "this

study in terms of its epistemological structure. f‘ s : B

, ‘ / Ny ‘*i
' In order to make this study manageable, its scope w%s restricted to

!

' the contexts enumerated below. These restrictions are}consistent with x

i
) .

the professional interests and activities of the researcher, i.e.,

teaching, authoring. and publishing in the chemistry education field

: ’1n Alberta, Canada.‘ . ‘iﬁf‘ ﬁ‘ j’-}}"‘-"_" :M.‘, .’

o '|
N

‘f'l The curriculum knowledge studied was delimited to science“f "‘h¢,V S

education,‘and chemistry education in particular. This is the ya
i professional area of interest and expertise of the researcher.,,?fi

fﬂ;Z.f The science curriculum was’ delimited to high School chemistry

5

“wlkjeducation in Alberta—a provincial minister of education (diploma)'
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ot . . : ot

t

3. The‘curriculum”and‘instruction componente of high Echool'chemistry

in‘Alberta were delimited to student‘textual'materialQ-The

Iresearcherfwas involveduinfwriting‘textual‘material‘and'aware that
hasic‘research‘on subjédt:matter;is‘lacking in the'field‘oﬁ'
‘science education." o y"‘ ' .'.'," o

“4; The textual material was delimited " to the 1982 and: 1925 ALCHEM 30

N

‘If(crade 12) Energy units and che- 1984 STSC Cheatatry 10 St“de"t

““materials. The research results were also used within the context

N

‘of the textbook writing activity by The Author Group. This use

'

‘ »
adds a concomitant reSearch-practice dialectic context to the

study.
o ]
5, The scudy‘was restricted\totthe‘evaluation of The‘STSC Taxonomy*

N 'as itlwaé‘deVelopedLrThe'curriculum materials on'which it was—

,‘f‘ tested .were not themselves evaluated within the formal context of

" this. study. S :Ju, Co ,'~n SRR

t6;w The classification system developed during the study snould ‘not be;yT

N

'asis of their science education ;‘

g o - .
’ v : . 1

talk. The values of people and of textbook authors may not be v_"‘lM"f

- 'used to. classify people on_ the

‘explicitly reflected in what is said or written. The STSC Taxonomy

L.

- ,fﬁcan only be apklied to determining the relative éuccess of
qt[textbook auth s in achieving stated objectives or goals (i.e.,f:“ﬁcfd;i

5fy3congruence testing).”,gffy'j;5“ ”"” O

RN *. "The STSC Taxonf is terminology;used in the context ef the ,
>“}evolving forms of the Taxonomy ‘of Curricular Discourse. -1ts ‘purpose is '
.. to keep. in view the components of the curriculum emphasis dimension S
R of the analytical framework. : : R




e "‘.,' . - R !
7. There was no attempt made within this research study toxmeasure

f

student‘outcomes,ﬂto analyze'student responses to theftextual

'dLscourse, or to analyze classroomldiscourse. These aspects, P
‘although important were leftjfor future research,‘

?

’

“é."There'was no'attempt made to analyze the sequencing of‘knowledée‘

.“

students when responding to textbook questions.. W T

.

forms procedural knowledge and questions within the sentence to,
sentence discourse of the textual material. It is hypothesized

Vthat sequencing characteristics could be important for learning.
' | ' sl
This,vhowever,'iS‘an‘area left‘for future‘research.‘ T

T

\

‘9.;‘No\attempt was.madectolanalyze_or conceptualize\the‘relationship

‘amonélvarious curriculum‘emphasesﬁ knowledge forms, ways of
knowing, and‘epistEmological'approachesJ Recommendations for
further researchvon‘these topics are presented.in Chapterl6.

Each of the areas of research mentioned above that are not"

toa.
’

covered by the present study is richly deserving of study. It was felt‘

that the outcome of the research described herein would be a necessary

v ' ]

first step and beneficial to subsequently pursuing, for example, .,;‘i“

research questions on classroom discourse or on the relationship

o

between the way. of knowing intended and the way of knowing used by

)

' Lo
tre !

"
Q ' 4

o ,“’. S -

The following assumptions were made during the course of the _ff




“1. Thetextualmaterialchosenforanalysiswoulddisplaysufficient
diversity to fill the«)pen-ended array ‘of knowledge forms including
nwaysofknowing(i e.,thenumberofemptycellswithinapplicationsof

-

' the tax’onomy would not be excessive)

2. _Thékfreduency counts oé”variousvknoﬁledge forms‘are'not equated 3y
swith importance‘of knowledée‘torms;HFOr eiample;lif a,cellxof‘the .
'classification system'matrix receiveSLandnull frequency‘duringlthe‘

B analysis of'textbook‘discourse;‘thenvthis knouledge formvvill‘not"

‘automaticallydbeldropped'from'the,classification syStem;

' D3. Limitations I

Y

+ Any use of‘the‘resultsuﬁrom‘this‘study‘arb;(/ “tjo~the limitations ﬂ'

” - as described‘bélon.'schwah (1970?‘296) des " imitations as .
bliseaknesses of‘the "theory' that are resolved in practice by employing

a mode of operation he calls the’eclectic The weaknesses of theoryl
,‘arise from two-sources: the inevitablefincompleteness‘ot'the subjectvdf'

.f.matters of theories and the. partiality of view [taken by users];"‘In

'-jthis study observed weaknesses were, in part, resolved by employing an.ﬂ

i&eclectic of . theoretical perspectives. Without the»use of five"f;;"¥;,;p:

St ; . .l'

l‘;ltheoretical perspectives to eclectically guide the evolution of the ?l;f

frtaxonomy, the'classlficationvsystem wouldzhave had many more"

'Uweaknesses. To counter Schwab's sources of weakness, attem ts were
Ry P

'Emade to provide a completeness of bteadth 1f not depth io the taxonOmy.};ﬁfﬂ'"

'.kﬁand the partiality of view was' deliberately a partiality to @ multi-gﬂ”l‘”"“

perspective view of chemistry education subject matter. Although
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ications are often difficult to see from close-up, the following is a

[

tial 1{st of récogﬁized limitations of the research resdlts.
. o ‘ | '

mheltaxonbmic system developed can not be used to dégecmihe che

success of a‘tekqpook in' terms of {ts ability to coﬁmun@cate well.

.For example, 1if the sequeﬂcing and logic of che presenchtion'is
. . / , .
not adequate, then people will have dif{iculty learniqg from the

1 I

. ’ . : [
textual materjal. To write a science education textbook that also

is‘pédagogicalli efficient requires more than a classification
. i ‘ ‘ o

system. ' .
S o
Before the the Taxonomy of Curricular Discourse can be used to

-assist in the sequencing of sentences within textbook discourse,

furtﬁéf study will be needed to determine the interaction of the

-'various‘categories,1subcacegofies and dimensions of knowledge

~ /7" identified by-thé current study.
! [}

3.

3.

¢
-

A'general liﬁitatioﬂ of the research product-the Taxonomy of—is
that at this point it is still largely "pre—thebrecic", in the .

' : ) ' : e
Kuhnian ‘sense. The classification system was empirically developed

- to describe science education textbook discourse. An émpirically

\

)

o4,

'deveiOped classifigatioﬁ system should not be uéegfco explain ap

sciencé'édgcafipn event without first dgveloping ahzwg;?hfical
'frameﬁorﬁﬁfqr‘SUch’pheﬁomena.
-The'usefﬁlness of the taxbnomy deVelopéJLvill not necesq?qily be
ptopdriiongl to the ability of the_taionomy‘té cléésify' ach and
eVefyisamélevbf curricular discourse encountered’ "correctly",™
CON : . . \
S , : \

1.e.,fwithou; arghmént.:The uséfulness of the taxonomy will be

~SS—

8]
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reflected in itsgéneraiarciculationcﬂ new concepts and in its

creation of a language by which to communicate these concepts.

(2}

\

E. Conceptual Framework for the Study

The current study -makes a thrust at describing the knowlédge'
components of a science, technology, and‘sociecy chemistry éduéation
Cexgbook. An epistémol&gical descrip;ion 6f chemistry cextboo;
discaurse s generalized in the form of a classification system. The
knowledge components of the system weré 1nteractiv§ly ;2veloped and‘
tested during six stages of the study. THe empirical testing and the
concurrent conceptual evalugcion were conducted {n dialectic fashion
during the analysis éf.éixkchapters groﬁ‘two chemistry ;ducation

td

textbooks. The framework for the description was a classification

»

system employing categories whicﬁy for the most part, had been
previoﬁsly defined in the educational literatu;e. In some 2ases the - .
définitions of the categories.(eag., scientific éfoéess skills) had to |
be rgstriccad from cheir‘geheral wmeaning. In ocher‘cases (e.g.,
pedagogical referenqe) a category was créated for wh%ch no reference
was availablé in thellitqrature. The téionomy of textbook knowiedgq
developed in this study define@ a variety of kﬁowleﬂge forms and

should help to establishhthé means for sySCemac{célIy manipulating and

controlling subject matter variables. ‘ '

Knowiedge may be classified in terms of the way of knowing used
co'produce that knowledge. One piece of knowledge may be producid from -

several different ways of knpwing>(0150h, 1972). The teacher and the

N e

S — A
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studenthavealternatewaysofknowingavailabletothemtoproduce

knowledge. Often only one way of knowing is made explicit while other ways of

knowing are not mentioned or may be actively suppressed.
' ‘,,»' ! o .
fﬁln_Figure 1.1 four ways of ‘producing one piece,of‘knowledge are

‘1llustrated. The same resultant knowledge could be obtained by

Al

)employing a theoretical, empirical, or pedagogiclway‘of‘knowing. For
m.exemple, the chemical formula for water may be determined by several
alternative ways of knowing. The question being answered in Figure 1.l

is, "What is the chemical formula for water?"

-

The chemical formula for water may be determined theoretically
\

(from Lewis Molecular Theory), empirically (from Hoffman's Apparatus)

empiricaily (from a law of combining masses), and/or pedagogically
(from referring to a reference book or memorizing) People using a
school tegtbook wmay not be told which way of knowing 1is required of

\
them. A question often asked by students is, "How am 1 supposed to

know that?", Usually the teacher tacitly makes the judgement as to
v N ‘ . ‘\\ N .
» which way of knowing is appropriate without letting the student in on
A : s ' _
how'that decision was made. The teacher chooses from among the

alternative ways of knowing by delimiting the choices to one. However,

if the student knows the choices available or- the teacher tells the

“student which choices are available, an epistemological filter has
become available. The procedural knowledge becomes 22221 rather than
EEEiE’ The more conscious the student is df the choices available, the )
_more explicit the epistemological filter becomes. The act of

conscioualy choosing'between the alternative ways of knowing available

L

/\
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is evidence of employing an epistemological way of knowi‘ng'. This p"edagogic

act 1s the usual beginnfing of the study of epistemology for students.

The\o%iginal pu:ﬁose of this, research study was cofgnfer the
epistemologiéal preferences of textbook authors from the‘disc;urse in
the textbook they wrgfe. But it was soon réé;iZed tﬁét Sefére an.
investightion pf wpac alternative ways ;f,kﬁowing are'fifferéd Sy
Qar&gus pafticipangs in chemistry edgcétién can be doné, a\étﬁdy df
what ways of knowing are available must belhomélegea. As a result the

present study concentrates on describing and classifying the ways of

knowing portrayed in the discourse in 'two chemistry textbooks.

The framework for the presént study involves a set of parallel
. "-

contexts for testing the developing classification system. The

’

contgxcs for testing the classification system are: ’ . .,

l. classifying .the dis;(;urs; in six‘unite.;‘of the ALCHEM and STSC
éhenistry textbooks, séntence by senteﬁce . | 5Ji7‘

2. writing and revisiné the STSC Ch'emistr.y paterials

3.‘ teaching ;hé STSC Chenist;f ma;;}ials

4, ‘re;oncgétﬁéiizing the’ciassificafio; system baééd,gpqn“thezaboyé"

‘ expérienges
. N 4
The researcher was ddiné‘thiér;esearch-si-thé'same‘time as hélgaé co~
. authoring and teaching the STSé Chenistiy maﬁerials. However, the
formal tesuits :epofﬁed‘hefe’aré fes;rictéd to tescing and'feviéing‘,

the Taxbndﬁy of Cﬁrficular‘biscouréekih thé coﬁtext pf.textbdok  :

analysis.
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| The classification and analysis of discourse has been restricted

in past ‘research to classifying objective statements and complete'

textbaoks (Roberts,‘1932), policy statements (Orpwood, 1983), ,

paragraphs and complete textbooks (Factor and Kooser, 1981), classroom

discourse (Munby; 1982; Benson; 1985),.achieyement—objectiyes‘_

‘congruence (IEA Study, 1986); textbook—objectives'congruence (EPIE

1971), and textbook—objectives emphases congruence (Science Council

Study, 1985). The. present study is restricted to the phrase by phrase

‘description and classification of té&tbook discourses The analysis of

the textbook discourse is very specific—the unit of analysis is the‘
sentence or part thereof The small unit of analysis was found
necessiry because of the rapid changesifrom one knowledge form to-,

another found within'textbook paragraphs,

Of the four commonplaces of education described’ by Schwab (1964);'

L]

‘this study concentrates on the subject matter. Schwab declared that

.

'af‘research on subject matter is the most neglected of the four

'commonplaces. There are many gerspectives that ‘can’ be tawen on subject

matter and these perspectives tan be translated fnto different

Lo

' research studies. In the current study kinds of knowledge, ways of :

knowing and curriculum emphases -are described and classified. The

o tesults from the study arﬁﬁgeen by the researcher as being fundamentall,

“"to the further study of chemistry education aubject matter.‘f o

Y



F. Significance of the Study

The placement of 'this study int0|che field of science education
‘research would likely be at. the }undamental research level. lhe study -
fstarted;at‘a“micr; leuel—the sehtence by sentence classification of

Chemistgy:textbookidiscoursei\Ihe‘study of the fundamental‘aspects of
‘ ‘knonledgeforesented as.textbook suhject matter seems.central to‘the
study‘and'use of eubjecr matter.in general;~§ubject matter 1is often
used in‘educational research as a.controlled‘uariable.°lhe difriculty
has often'been that.the'SUbiectlmatter is inadequately described_for
purposes of generalizability or further researcha Previous
epistemological research had been at a "madrof‘level; e.g., paragraph
counts by Factor and‘Kooser‘(l9hl). The‘researchervfelt‘that‘hefore
further‘subject‘matter_research could‘be done on, forfekample, the
sequencing of sentences.in.textbook discourse'or on epistemologicall

approaches or normative perspectives oresented in subject matter -

textbooks, a description and classification of knowledge forms‘was

,required.‘i | o

‘A second'area of signiiicanceifor this study:isiin'the Eé&lm'eé';‘
\‘textbook development and evaluation. The description of the variousL

‘;‘kinds ot knowledge found in chemistry cextbooks has already benefited |

';the Writing of one textbook STSC Chenistry. The kinds of knowledge
B ‘could also be nested to represent currently popular curriculum -
"‘femphases. One such nesting of kinds of knowledge into curriculum |

i o

emphases was done in this study. The curriculum emphases described :: '

herein are conceptualized by science, technology and society (STS)

LY



plus communication (C) and ‘ped’agogy (p) emphases—STS_C_l:‘emphases, Th‘e method
of defining popular emphase‘s -such,as STS science-by knowledge form :
subcategories should assist curriculum designers and textbook authors in h

the future regardless of the particular current emphases being pursued.

‘ ‘The Taxonomy of Curricular Discourse developed herein is not content

w"‘
specific nQr should it be. It is not concept and content analysis in the

usual'-sense of breaking t.he.concept into subconcepts. The taxonomy‘ .

deve-;'é'pé'a clas_sif i'eslconcep‘ts at.a mo‘r‘e general epist'emological level.

Cela

A third significant contribution which may result from this study‘

is. the heightening of consciousness of science educators to the w‘aLs |

v '

‘ of knowing science and about science available ‘to studentst 'l‘he ’

‘\ Qlici inclusion of ways of knowing and of epistemological

"’_‘.'categories of knowledge in science textbooks is relatively new.

oo

.Whether curriculum emphases‘ can be categorized by epistemological
preferencesx whether epistemological content exists over a range of

. \i,curriculum empﬁases, and whether resultant knowl‘edge, procedural
. fk.nowledge,’and required action. categories are useful for describing
textbook discourse are questions addressed by this study. Epistemology
l‘l’is only one of the five theoretical perspectives used to }g.u‘ide this
dz‘-fstudy, but epistemology is the most pervasive perspective throughout‘

'the study. A“ attemp: was madeltn make epistemology accessible s

o ’through the language~ of the prac’ti_cal

i 'not just through the language '

of philosophy.
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G. The‘Organization;of the Dissertation " s 1E ‘\ .
N ‘ BRI ) ‘. ‘u I! ' : }\ l o . 3

| . \
This, dissertation has been organized into six chapters. ﬂhe main body‘

pof the dissertation deals with the development and testing of a system

- for classifying kinds of knowledge, ways of knowing, and curriculum

.emphases found by the sentence by sentence classification of chemistry
ltextbooks.‘There is, however, a second parallel context for the
X

‘researcher—the concurrent writing of the‘STSC Chemistry materials.
Although the classification was not content specific, examples of
epistemological content were necessary ‘to operationally define some
categories. These examples came from the piloting of the STSC
‘Chemistry textbooh; The influence.of,this concurrent writ!ﬂgsghtivity

ofi ‘the. development of»the classification system and vice versa will o 5y
‘berrepdrted in arseparate:sectionvof Chapter éﬁwfﬁe report focuses on
‘the,developdent and“testing of‘theiTaxonomy of Curricular Discﬁufse iﬁ,

.-the context of the classification of textbook fiscourse. The taxonomy o

Ve

is tested against criteria established by the five theoretical

:.perspectives used to’ guide the study.;;

In Chapter l the problem is presented and set within an SR t'

:,1educational research cpntext and within a professional context for the n

1

researcher. The*personal ground section of Chapter l includes a brief

li‘history and description of the two chemistry textbook projects which

,‘provide the context for the work. The design of the research is }3

'ljsummarized as one of conceptual analysis, and the delimitations,

t .

}F_assumptions and limitations are then presented to further«define the




- B

" at the end of Chapter 1 in.the two sections dealing with the conceptual ) ‘ : .
framework for and significance of the study. - oW o
A survey of selected literature is presented in Chapter. 2 to"
provide the conceptual basis for the study.‘The literature surveyed\is "'

categorized into llterature relevant as background to the problem

(i.e., kinds of knowledge found in textbooks), and to. the methodology

(i.e., the‘classification.of textbook‘discourse),‘and as research on

- .sciende, technology, and'society'(STS)'science education and'textbook

~disco\yrse. The review of the literature is also specific to the five

;theo tical perapectives used to guide the development of the

il

axonomy. epistemology,‘normative perspectives, curriculum emphases,

STS science education, and practical inquiry.{

1

The detailed design of the study and the procedures that Jere

"'followed appear in Chapter 3. The instruments used to classify the six
N SR, : )
chapters of discourse from two. chemistry textbooks are presented and ‘ <ig
. \“ /‘.“)
described. The rules used to classify the textbook discourse, sentence ‘

‘ ~by sentence.,are summarized and reference is made to the

v

v

- ;classification instruments presented in Appendix C. The methods used ‘f"'
:'hfor data collection and analysis are described at the end of Chapter
*thpter 4 presents the evolution of the Taxonomy of Curricular,

'l'.""

'!gDiscourse through the nine stages of the study. Stage 1 resulted in

"fithe conceptualization of the'first draft»of the Taxonomy of Curricular

fifDiscourse;and the_identification of the five theoretical perspectives
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~are presented as the empirical data obtained from classifying the six units’

[
v

(chapters) of textbook discourse sentence by sentence. The criteria for |

t.

T evaluating the taxonomy after eactlstage are discussed and revisions to the
Taxonomy are justified on the basis of, t'hese criteria. The criteria were

vde{ivedfromthefivetheoreticalperspectivesidentifimiinStage1.

Chapter ‘5 presents the results of the Stage 8 and Stage 9

K

o procedures. Stage 8 involved the development of formal rules’ of use

‘of the Taxonomy of Curricular Discourse, along with' a.de5cription of
and.two examples for each ofwthe 66 categories in the 22,x<3’taxonomic_.
'matrix;'The results,of the-testshof~inter;rater.agreement and content

Hvalidity performed 'in Stage 9 -by the six expert judges are also

[

\presented in Chapter 5. The "final" form of the Taxonomy of

,

‘Curricular Discourse is. presented at, the end of Chapter 5. The -

’descriptions and examples developed in Stage 8 were. revised as a___;;_

'

i result of the judges comments in Stage 9. A current status report is

v \

¥

. also presented for all five curriculum emphases and twenty—two
E ,knowledgerforms. o ;}T“;*'ﬂ
The final chapter, Chapter 6,*summarizes the study and the major
rlfindings and presents recommendations for further research and ;{f¥7y;f"
"@application. This chapter includes a critique of the taxonomy and how

’ll\it might be used by others for various purposes. The strengths and

~‘l'limitations of The Taxonomy as currently perceived are presented.

A series of appendices appear at the erd of the dissertation.lghzf

"ffprpendix A presents the:Stage 1 conceptualization papens. Appendix B

»

B ;presents descriptions of the ALCHEM and STSC Chelistry projects and
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" L ‘ . . '
Lo . v '

Ce . '
'

al documents from the STSC Cheniis‘fry pro‘j‘e‘ct are . |

i

. textual materfals..Intern

. also"pr‘esé‘nced‘vin Appepdi;: B. P;esen‘céd,‘in {ipi)er}d;x c g;é the r.e‘se’arc.l‘i o L VI
. ~instruments in‘;‘l'udi‘ng' :ééﬁplq‘ ca‘ll)'v“sheets“froqijstéggs 2-7, and i_n:ér—rét'e‘r » “‘
| “agiretlen‘:e‘r'xt‘and g:orlxter;c“iralid;itly 'i;r‘x"strun;e‘gr;s.“Append‘ix.D‘;;resent‘:é adju‘névt.i\‘rvei | -
results from the cx‘x.rfent‘sytudy. ' bl “_‘j , 3 : | L ‘ o
Vo . . . '
N - . \
' : | .
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]'Chapter 2: Conceptual Basis of the Study -
‘A. Introduction .

. ‘ W \ : ‘
Chapter 2 presents a review of the’ literature that serves to outline .

' the cdnceptual basis for the study. The review informs Question l of

"‘the study— an identification of theoretical perspectives to guide the

\

study and to provide criteria for judging the-developing taxonomy of
D curricular discourse. The complexity and diversity of a taxonomy of .

qurricular discourse requires a wide range of conceptual arguments.-

N

These conceptual arguments initially formed the basis for developing h

‘the taxonomy and now form the basis or understanding the current‘

i
PR

study.r
B ‘,.' N . Y - L . . ">‘ ' e
The literature reviewed is categorized conceptually and
chrOnologically around.the study‘methodology; a procedure‘calledf '

‘conceptual analysis (ﬁoberts and Russell l97S'dMahung,fl980),\f,‘r e

gConceptual analysis involves three phases*the identification ‘of.

‘i] guiding theoretical perspectives (or systematic conceptué,izations),

T

{the development of an analytical framework, and the application of the
V-ra‘i' ,“ .,

. Eramé =§Wﬂk to a curriculum or instruction segmenn. The literature

? ; ’ o : Yy .
é%ggew follows this same sequential organization. The review of the V_fy].f

V,E<literature includes a description and critique of the literature in
jeach grouping pIus an indication of how the selected literature

'Flapplies to the current study. The first group of literature reviewed

e

»concerns the conceptual analysis methodology. Then the literature 'ﬂf

”hpertaining to: each of the five theoretical perspectives used to guide
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the 'study is re'vieWed.,The theoretical'perspectives are o"rga‘ni"zed from the '
‘most general to the most specific as displayed eventually in The STSC

\

Taxonomy which has been developed This order does not' necessarily indicate
theorderofimportanceofthetheoreticalperspectivesaseventually |

.‘determined in the results of the study. The order of the five theoretical

2

*_perspectives within this literature review is curriculum emphases, BT

normativejerspectives epistemology_, STS science education and praqtical

*

| Following the review of theoretical perspectives is a'review of/
\‘the literature on analytical frameworks specific to this s‘tudy (i.e.v, '
taxonomic frameworks of curriculum) A Section on content analysis is
» then followed\ by a review of the relevant literature on reliability
and validity. Although reliability and validity were ongoing concerns

. during the evolution of the analytical framework the formal tests of

} - ,' k : L [
t \"

o ‘inter—rater agreement and content validity were not completed until

:
- " '

)
N

!

' ‘,Stage 9 of the study. p R

: ' ’I‘he general purpose of this study was to describe and classify B

’ discourse in science educatian textbooks. The evaluation of the

"'.‘f"descriptions and classifications 1nvolves both empirical and

/r_

‘;»lconceptual criteria. The conceptual criteria for evaluating the STSC
’I‘axonomy that was developed in the study are provided in the revieww

,r"'.

":of the literature which follows. S AR



B. Conceptual‘Analysis

1
l
SN .

. Conceptual and philosophical analysis of curriculum and textbooks has

Ai‘ways of knowing—displayed in textbook disoourse. The current

,evaluating curricula. The methodology of conceptual analysis involves‘
‘three steps.‘The first step is to search for a "theoretical

: perspective in one or more of the four commonplaces Qf education—the‘

\perSpectives or. systematic conceptualizations (e e Schwab s

been advocated by, for example, Roberts and Russell (1975), kilbourn

(1971), and - Mahung (1975) Mahung‘(l980) suggests conceptual analysis-

‘as an alternative to the measurement of learning outcomes for

subject matter, the learner, the teacher, and the milieu.

Philosophical analysis may be a source of these theoretical

.
K ' .

conceptualization of the nature of scientific inquiry has been used by

‘_: Mahung (1975)) Tn the present study, for example, the theoretical

'perspective concentrates on the subject matter—kinds of knowledge and ‘

theoretical.perspective’is:however,'an eclectic oﬂ related

'perspectives—normative perspectives (Kass and Jenkins, 1986) balance o i

3in setting goals for school science programs (Roberts, 1983), STS

‘ science programs (Bybee, 1985 Aikenhead 1986), epistemology as

7"¢and Desautels, 1986), and practical STS chemistry education textboom

g “kinds of knowledge and ways of knowing found in "balanced" STS

iQwriting. These perspectives translate into an epistemological look at

ﬁchemistry textbook discourse. This eclectic of theoretital

Y

’f;content in school science discourse (Gowin, 1978, Munby, 1982 Vadeau o

[,
b

W

«?iperspectives is appropriate for the theory-practice interface within J;d"lhﬂ

C R . L o ,
Ty EEN ., . . -\ . ; . . Lo - .
.
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which this étudy is set. The analytical £ ramewd rk developing out of this

'theOfetical perspeciive was both pragmatic and fleXible—ﬂeflecting‘thé ..

"

last element of the eclectic, the practical perspective. For example, the *
taxonomic framework developed in the present study 18 capable of being

coliapeed or’exp;nded.to match the practical purpose of the user.

The second step of conceptual analysis as outlined by Mahung is

the development of an "la nalytical framework"—a scheme for analyzing

the‘curriculum or‘instruction.m}nethe studies mentioned above the

analytical framework is a set '

a theoretical perspective.‘The nethodology'involves stodying the

theoréticaL perspectives and'isolating the structure (e.g.,
substentiye en% syntectical) of e‘curriculum to formylate the
ﬁramewotk itﬁeif. In the case of the present study, a:series of two

+ 'dimensional frameworks has evolyed in the form of a nested taxonomic

-

classificatiom of knowledge forms and accompanying K-KW-W

(epistemological) triads. The two dimensions to the framework and the

< . o . Y ‘ ‘
+  nesting are necessary because of the eclectaﬁ of theoretical -

perspectives. KnoWledge forms were, nested into STS emohases (an

-
'

- integration of Bybee s STS science education concept and Roberts

N
curriculum emphasea concept) to take care of the STS theoretical

" perspective' knowledge forms were categorized in terms, of the
normative perspectives of Kass and Jenkins (e.g., theoretical

'empirical, process and epistemologY), epistemological content is used

as the criterion to create the final 1ist of curriculum emphases, and

& | ’

s@" :
~ ¥ practical perspective is‘used to create and retein some of the

¥
A\
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. ' )

ki . .

. v k . ,
- knowledge form categories. In thi¥ way the present study qualifies for the
. . } . 4
4
labelofconCeptualanalyais—anéclecticofcheoreticalperspectives

leading to the formaition of an analytical framework.

The complexity of the textbook discourse analyzed in this study

, [ . . .

. ' 4 <a .
requires a multi-perspective view of curriculum. Practical currticula

are most often an eclectic of fdeas and values. A'description of such

curricula requires the identification of the many perspectives
displayed in the corresponding content outlines and textbogks. The:
desctiption of conceptual analysis by Mahung is appropriateifor

studying a small'component of curriculum but is not,appropriate for

i

' analyzing knowledge forms in a complete textbook. Textbooks reflect a

plurality of perspectives because of the normative stands of
curriculum developers, ‘tlextbook authors and publishers' marketing

Al
'

departments.‘A single theoretical perspective (or systematic
conceptualization)lnas not appropriate for a study that was
ninvestigatiné the uiscourse ptoduced from such varied views. A multi-
perspective'approach was necessaryVin order to try <and capture the
totality of knowledge fotms found in textual discourse. To be widely
accepted the tanonomf developed had to be judged using a variety of

criteria Qefived from different perspectives.

.

The third stage of conceptual analysis is the application of the
- analytical fgamework for example, to evaluating curriculum materials.

':lHowever, both in Mahung s case and in the‘present study, the

application of the analytical framework is for purposes of eValuating
e

the framework 1tself "For this reason the segments of material

- |

° - _
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selected for analysis were chosen primarily for their relevance to the

various questions‘comptising the analytical framework' (Mahung, 1980:

109) The sa?ne holds true for the present research. The complete discourse in
the STSC Chenistry 10 student textbook with claims of science technology ,

: society, communication and pédagogy emphases (The Author Group, 1986) was
classified ~sentence by sentence in the current study. It was »felt, that the

l

STSC Chenistry textual_discourse is well suited to testing an analytic

o

N ) ' -
framework thag professes to describe discourse that reflects a plurality of

knowledge‘forms\: An eventual application of the STSC Taxonoamy developed as
an analytical framework in this study might be for the evaluation of ’

textbooks. In the current context the application of the analytical
. 3 |

__f,ramework in this study was for the sole formal purpose’o.f testing the
. 2

content validity of the framework. ‘

Overall the conceptual analysis methodology seens te, fit ‘the

_present study, However?.this'study was not a linear application of the
three stageslof conceptual analysis. The‘practical evaluation of the
~analytical framemork'(i.e;; the ta*onomy.of knowledge forms)l‘could
’|best be described as a centinuing dialectic‘among hahung's three
.istages—the theoretical perspectives,'the analytical framework and the\
' evidence gathered. The practical -evaluation of the STSC Taxonomy was
followed by a series of 1nternal and external evaluations at later

: stages in.the studyr
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C. Curriculum Emphases

Roberts and Orpwood (1980b) and Roberts Gl9827“characterized.che

various orientations taken by science educators as curriculum emphases
ok

and as aspects of scientific lLteracy. The seven curriculum emphases

B LI
v 4 '

identified by Robepta are 1. everyday coping, 2. structure of science,

3. science, technology and declsions;'a. eclentific skill development,
5. correct explanations, 6. self as explainer, and 7. solid foundat fon

. ‘ ! ) r ‘ ‘ .
emphases. The intent is evident in the subtitle of Robert's 1983 '

discussion paper, "Towards balance in.setting goals for school sciencd®

Co ! .
programs'". Roberts and Orpwood (1980: 12) describe curricylum emphases
{ ‘

as "the pervasive overall®tuertcular intentions" expressed explicitly
., . ] \ .
) . . e \

in goals of education 6f‘§érhaps-implicitly in textbooks. The emphases
. ' . ' ‘ ' N "

\

.
~ N

could be employed "in sequence (though, by definition, not
simultaneously)" (1983: 14). A curriculum emphasis would extend over’

a full unit of work several weeks in length. S
'Rcberts also descripes (1983;‘24) ocuer schemeca fct‘gepreseqcing
a composite uléw of scientific llceracy; lhese schemata?wece,all
. developed b} completlng Historiehl revieus of the écience éuucetioh
clicerature and policy documents. The'reviews were completed foé che.l
lndicated span of years by the following\researchers'Gabel (from 19)7
to 1976), Ogden (1918 72), Ogden and Jackson (1918-72), and Roberts
(from 1900~to 1983). These‘schemaCa were obcalned ‘from a
classificatibn ef curriculum ijectives.‘HoweUer Rubetté'andkdrpwobd

have applied the conceptk\f curticulqm emphases 'to specific units of

school work and even to 1nd1vidual lessons. The current studj cakes,'

1
0
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the .‘a}ppllication o'f curriculum emphases onel ste‘p further and has created-‘

; curriculum—emphases subcategories to classify'knowledge foras found
sentencebysentenceinchemistrytextbookdiscourse.Kaplan(1964 53)
sees this progression as typical of the evol‘ution of classi fication systems

whichseekdeepersimilaritiesamongobjects.

‘ Another‘classification of what might'be called curriculum
emphases“is that of Eisner and Vallance‘(1974) who Iist‘five ‘
" conceptions of'curriculum'which are portrayed in the general
curriculum studies literature. They categorize the conceptions as l.-
development of cognitive processes, 2. technology and/or technique, 3.
self-actualization or consummatory experience, 4, social Qﬁ)
reéonstruction-relevance and 5.(academic rationalism. Eisner and
Vallance see thesezas conflicting conceptions of the goals, content
Iand organization of curriculum that manifest themselves in the’
| complexity of educational thought" (1974 1. The intent of the
wschemalis that of proyiding‘an analytic tool "to profile [the .
Forientations in] an existing cu;riculum" (19742 199). .Afthough'the‘
_‘Eisner and Vallance schema seems to successfully classify various ’u,{'
» moyements in education tegardless of subject matter, the ° o
.classification is not seen by this researcher as being very . useful

"_empirically or conceptually, ‘for classifying textbook discourse.

However..the schema is viewed-aSvan,example of an enalytical framework."

BT N

’that was developed by integrating several theoretical perspectives o

;(systematic conceptualizations).‘



‘ Factor and Kooser (1981) have analyzed college textbooks for chemistry
non—majors for what they call valuevpresuppoaitions. "In scientific texts '
- there are explicit and also tacit normative assertions s o [including] |
evaluative opinion as well as descriptive facts. . e It is not at all obvious
that texts carry :noral messages ot normative prejudices." (1981 1) For the
science and society textboo.ks Factor and Kooser identify four approaches )
.taken by the authors: 1. the_truthland progress approach ('be’lief in |
technological ‘"f“ixes") s 24 the issues ap‘proach ‘(scientific""fines" of '
societ;l problems), 3. the naturalist"ap‘prOaCh (‘be‘lief in _natural "fixes")‘,
and 4.'the theory and puzz le ap’proach (an employment o‘f p‘eda‘gogical
"fixes") Factor and Kooser categorize tl;e—approach taken by science
textbook authors* by analyzing the statements made explicitly or'implicitly
about scientific method history of science and technology. The second

'major textbook variable which they studied was the references within the .

. texts to science'and society'issues. Any reference to suc_h( an issue was . -

ers to bro%ily categorize
the. chemistry texts into science and society texthr skills and drills.

’ noted' ‘and. a freouency ‘count allowed the‘resea ;
texts. There was ‘no attempt made by Factor and Koos/.r to classif the
epistemological preferences of the authors. The ir\t\ent of %analysis
appeared to be to "inform teachers about the. explicit value judgements and e
tacit presuppositions which are part af their professional pedagogic li fe"

: :(1981 l) The action recommended by Factor and Kooser was the employment of

lcase studies to show the reality of science s growth and interaction with

- society" (1981 45). S k’
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The Factor and I(ooser study provided valuable evidence of value

presupposi tions held by textbook authors and displayed explicitly and

: implicitly in textbook discourse. However the study did not provide

I3

detailed knowledge of the kinds of knowledge and ways of knowing presented
1 ‘ i
‘ within textbook discourse. Factor and Kooser, ‘not unlike‘Robertsvand

| Orpwood classif ied inferred messages rather than observed knowledge

forms. The current study attempts to accomplish the latter.

The Author Group has since 1981 used the concept of - curriculum

emphases to organize units of curricular work. Each unit or chapter

‘ vof work in their STSC Chenistry textbook has been assigned a

- particular curriculum emphasis—science, technology, society, or

g Lcommunication (see Appendix B). Each unit includes content and context
-'from all of the four curriculum emphases areas, but each unit has one.

“particular curriculum emphasis. '1‘_he S'i_‘SC emphases are repeat‘ed ‘every‘

‘.'_:four units of work, and content on the nature of science, for example,
}Iis increased progressively from cycle to cycle. These authors claim
that the use of curriculum emphases allows for a more systematic ,

} handling of epistemological and contextual content related to the h
.-. ERLEAW '

'_-fnature of science, technology, society, and communication. From their

R

_experience they claim that the ad hoc presentation of this type of

e

o information in textbooks is not only pedagogically inefficient but R

: (f"f,also inhibits the development of concepts such as the nature of

+




L

“>approachzfecauseofthissystematicvariationofcurricularemphasesin

‘bche writing, the STSC Chelistry 10 textbook was used in this study as the

‘ major source of textbook discourse for classification.

[ C . f ' . '
1 ' . . o ' e - - . AR

At the time of writing this report (1987) Alberta Education is .

also using the concept of curriculum emphases to nest a list of
A . .

) aspects of scientific and" technological literacy. Although they too _

. P
are using specific STS curriculum emphases, it should be'noted that

the concept of curriculum emphases is ‘not restricted to STS. If for‘
e:rample, a ‘diff‘erent classification ‘.of. curricul‘um‘ emphases ap‘pe‘ars
'isometime in.the‘future; thejconceptlof_curriculumiemphases should
survive the STS ‘or : any;other lera.“ ‘ e - |

9
A suxmnary of. the curriculum classification schemata revievied

fan.
.

» above is provided in Table 3. 1" The STSC Taxonomy as developed in this‘ﬁ

study is provided for reference in the last column of Table 2 i. The

A

' comparison of the various schemata is not entirely legitimate in that

R

< a different unit of curriculum is beipg)classified in each. However,-

- the comparison does reinforce the point that the available schemata

+

J_tiwere judged inadequate for sentence by sentence classification of

I . . ‘ .

e textbook discourse during Phase 1 of this study. The criteria for

§making this judgement were derived from the five theoretical

fperspectiveg being described in this chapter. A fuller—description of v_ffﬂi

-, Y .
. -the empirical and conceptual evaluation of these schema is presented e

[y

I.in Chapter 4 which deals with the evolution of The STSC Taxonomy.uiﬁni‘x

~——f—f——.

Curriculum emphases, curriculum conceptions, and value

'\"‘presuppositions provide the presenr stuﬁy with one of the theoretical ;:;57;
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R perspectives used to guide the study and the development of an analytical

.framework for classifying and analyzing textbook discourse. The term

.

favored in this study is curriculum emphases. Curriculum emphases is a term
and concept that fits well with the S'l‘S science education concept and with
the nesting of knowledge forms (within curriculum emphases) Since the’

knowledge forms classified in this study had. their origins in the normat ive

.

perspectives of Jenkins and Kass (1982 and 1986) and since knowledge forms I
- were eventually nes ted in curriculum emphases selected literature on.
normative perspectives is reviewed next. The integration of the concept of -

v normative perspectives with the concepts of STS science education and

curriculum is a major goal of the present study. The success of this attempt \

/

gt
TN
N\

o 4s reviewed in Chapter 6. o

‘ D. ' N'ormative Perspectives -

_Jenkins (1981) identif'ies nine classes of science education

subcultures to illustrate the epistemological values of various '

L

3 interest groups that had been personally encountered during the

o development of the ALCHEM chemistry education project. The Jenkins

“‘.,

paper is presented in Appendix A..These interest groups are portrayed
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(national) A further refinement of the schemeLwas accomplished by Kass and

'Jenkins (1982 and 1986 see Appendix B) , repulLing in the initial set of

| knowledge forms that are employed in this study. At that point in time the ‘ ‘

. knowledge form categories were designated as normative perspectives on the

’ , nature of knowledge in science" (1982., lo) 'Kass’ and Jenkins suggest that a

' _lesson which can be learned by science educators from Kuhn (1970) and Ravetz o

“_(1971) is that the subtle, yet powerful influences of human subj ectivity and

: value orientations upon the creation of scientific knowledge may also apply

equally well to curricular knowledge. They also emphasized that "context

! v‘..‘

T ‘stripping often accompanies the design of urriculum materials leaving

' only an emphasis on logical and theoretical thracteristics of the subject. ‘

' "_‘An action component identified was that stulents should learn explicitly

RN

within the sanctions of official schooling hat there are different
’ varieties of scientific and technological nowledge and that different ’

vvalue perspectives on science\and technoloiy in society issues can be held. e

o . A brief overview of some of the 1iJerature that is related to the

‘-‘-",.:lnitial list of knowledge forms employe within this study for

'classifying textbook discourse follows. Theoretical, empirical and
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g writings_seems‘to‘continually come back to ideaskof‘liberal education. An®.
' action that can he related to‘the‘writings of Schwab and Bruner was the
"h evelopmentof theNationalScienceFoundation(NSF) sciencecourses—CHEM

= Study,PSSCPhysics andBSCSBiology Theresultofthesecoursessemntobe
”‘scienceeducatorswhoseepistemologicalpreferencesareeither‘

‘ theoretical empirical, and/orprocessknowledge.InchemistryeducationA>/

’ ' /

gthesetextbooksmodernizedthecontenttoinclude theoretical"topi/ssuch
‘asquantumumchanics reactionkinetics andchemicalequilibrium.
Descriptive and technological chemistry were "out" and theoretical and

: inquiry-orientedchemistrvwere"in". ‘ S | “H o ‘ﬁ;

The above grﬂhp of epistemological preferences was, initially

LY

referred to as an academic emphasis within the context of the present
study (not unlike Eisner and Vallance s academic rationalism) This

jlabel was. never adaquate (e ge» process skills were part of many

1 :

‘,.nonacademic science courses) and was later dropped but it did servec
'vas an initial step in the nesting ofAknowledge forms into curriculum :

” emphases. Schwab in particular appears to havelenvisaged something
L e ).
v~",mUch wider in scope than an emphasis on theoretical,’empirical and
Am_process knowledge, but the evidence seems to suggest the courses TR

i developed at the time of his writing tended to polarize :he‘f»;*?f*vjﬂ;gh;“m~

T‘fepistemological preferences of science educators rather than mergingw”‘y‘

P

Hughes (1975 113) suggests that teachers regard themselves asl-bw[:

Y

”~:experts in academic chemistry and would ask if courses‘.isv. for

T

; ST T
fprospective nurses or engineers are really chemistry % Typically the;




6
v‘ academic“prop‘on‘e‘nts haye been the most ‘vocal and the most‘p\olit‘ical group

"both'from inside and outside the schools. Their major way. of influencing the
curriculum has been through tradition and training. The universities as )

required has&e a strong academic emphas is and science educators are a

S . P ' f
|

product of this environment The academic emphasis group has also “

traditionally layed claim to the stamp Qf rigor or "the basics - This is
»

‘ reflected in the current Alberta Education diploma examinations at' the end

of Grade 12 which test theoretical, empirical and process knowledge
exclusively.: Lol
. ' ’, . // ‘\\ ‘. '

The Author Group (1986) in writing the STSC Chenist'ry textbooks

\ o e —

has identified six’ ways in. which theoretical knowledge are

' communicated"‘through theories, models, analogies, theoretical

« . t

r

definitions predictions from theory, and explanations from a theory.-‘
‘St‘udents are‘required to: know these ways in which theoretical
knowledge is communicated as’ well -ag" being required to‘ classify
scientific knowledge as empirical or theoretical The defini,tion of
theoretical knowledge which The Author Group employs ”in their o .
textbooks is different from the lay term that is often used. Any form;:‘,

of ebstract knowledge br prediction regardless of whether the .

J-knowledge \is/empirical or theoretical is often referred to-as

theoretical in science education contexts.- For example, a prediction




“”_knowledge form. The Author Group (1986) has made -a thrust in this -

"helpful.in assisting student learning and understanding. Some research in

‘ j‘thisareamightbefruitfulinlinkingkindsofknowledgewithwaysof

knowingand learning.‘ " R , o 4' . 3 .

The'preference for,theoretical knowledge may:have groun scronger

in the last twenty years, but its companion empirical and process

preferences within the original Jenkins and Kass academic emphasis

‘ have not fared as well. A fragment of the empirical approach that is

clothed in increased laboratory experience and an increased awareness

\

‘of a Piagetian—pedagogic,inter—relationship withrconcrete learning‘

Y

situations, appears to have gained some ground in science classrooms.'

' Howaver, if the many papers presented at the 1978 McMaster University,

Al

International New Directions in the Chemistry Curriculum Conference

are any indication, the descriptive chemistry-empiricists appear to

* have lost status and influence. The difficulty in categorizing
‘empirical knowledggggs that ic appears in. so many forms. Empirical

¢

‘knowledge may include components of descriptive chemistry, laboratory

”lchemistry, process skill chemistry, industrial chemistry, household ﬁ

N

];‘chemistry, and experiential chemistry as well as Iaws, o "‘le &

ilgeneralizations, principles, hypotheses, and "factsﬁ. A balance of the L

N i ‘-" "

mvarious types of empirical knowledge within a chemistry t xtbook has

hlbeen elusive. Perhaps the problem is that textbook writers and

"7:fcutriculum developers have not had a taxonomy of empirical knowledge AT

‘to guide their conceptualization and curricular application of this

4

Ty o ‘,“ . N
o . . :.‘-,, s

~d.

e
¥

"direction by categorizing empirical knowledge, not just for themselves g‘f};?



. Cheﬂetry test package. .

o X [
‘.education in' the sciences. At th

. examinations were reinstated. Teachers in the Calgary Public Schoo
' )

-have developed procéSs skill documents in high school chemistry,.
p*physics, and biologys Nadeau and Nay (1985) stﬁdied high school

.chemistry process skills in the ALCHEM and adapted materials,

- as‘Nay (1971), anﬂ Risi L1982). Hhile Nay emphasizes his self—

. P .\‘

[ : . - q‘

i

as textbook duthors but for their student audience as well. For example,

STSC Chemistry 10 materials 11st six ways of communicating empirical

" knqwledge—observational statements, tables, graphs, empirical

-

. \ ' 4 Fs . \
definitions, generalizations, and laws (see Appendix B). These ways of

e ¢

X -
\ ' .

. -

the scientif:kq process—skill group,.seems c° keep fightring small

battles and’ are winning supporters».--Most of the® process 'skild

Ce

S8

the

4

a
.

A

a c‘onnnu’ni'cati(ng empirical knowledge are assessed in the accompanying STSC

"~ The. third academic interest group described by Jenkins and Kass,

'attentionihas"entered on ,the elemencjry and junior high school level.

Elementary science programs such as SCIS and SAPA have enjoyed varying

»

., ' .
e « . v

. degrees of bucc'éss with ;e?ch‘e‘uit:, ‘have little or no formal

A

. . . ‘
the aceeptance of a proct?%la.ppro{ch appeared to lose, gro{md after

LI , .v

inicial thrusts ‘of the inquiry orlented NSF programs “6f the 19005.

’

L

Alberta high schools there has Been a recent! increase Ain scientifi

. .T"/Y

process skill teaching sinee the tAlberta Education diploma

A
Iy

1)

'Galbraith (1985) has prepared an inventory of orocess skills 4@

x; (A

ST e,
process skilI cycle for Alberta Education for use‘in Alberta schoo

B . -
/" ‘»«, o
¢

'--i Exampies of ptoceas skills research‘are provided by writers s

;, '4"',‘.

/g_'sehéol and, u.nivecs\ity leyels

the
In ‘

¢’ »

/—‘,
.
l- T
.
-~

uch
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»

developed, pedagogicall)noriented sets of process, skills, sclieatific

attitudes, and critical thinking skills Risi puts the emphasis on

.
,

imaginationv, creativity, independent thinking, and diyergent thinking. The

Author Group used the research of Nay and the Calgary and Alberta Education

documents to integrate p"roc'ess‘skéllls into the STSC Chemistry textbooks.

Their previous emphasis on technology in the ALCHEM materials led the

, members of The Author Group to divide process skills into scientific and

:
1

technological process skills. For example, process skills that involve the

nse ofla‘ technological device dre classified a teohnolog-inc;e_l/salls. This

split 18 consistent with current trends toodef ine technological literacy in
addition to scientific literacf as‘ amajor goal of's‘cience education. As yet
.th'e‘-int'egrationuof'socioloéical and hiStoricalvpr‘ocess\‘skills into partlof
the ’sc ie'.nce program have ot been éiven major consideration in acade_mic

% K

science courses. The Social Studies Programof St\ud‘ies for Aljgerta schools

kY

.lists process skills wnich the,student is expected to lear.n as part of their ’

{

N [}

course work., Whether such gkills in a restricted sense will be integrated

"into the new STS science program remains td be seen. R

SeVeral problems remain to be investigated when classifying

(<

knowledg'e as theoretical, empirical, and process knowledge forms. One

- problem is that process knowledge is . procedural knowledge and might

be classified as empirical and theoretical procedural Enowledge. <

v

However, if this is done some impbrfant information as to the required a

N . " 1

. amount of student laboraﬂory work would be lost: when classifying {jﬁ

‘ texcbook discoutse. Fo:e‘ practical reasons the process category needs

A \ |
toabe included in any) taxonomgt ij'imoyledge forms found in textbook

.
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discourse. ‘Inythe present study the process category_is‘used for this
.purpose—top gather evidence for the amount of laboratory work, and in
particular the amount of independent l‘a‘b‘orntory work, done by students.
Hoﬁever, since textbook d‘iscourse does not include the knowledge gathered
by atuclenta in the laboratory nor the answers to pro‘ceas-like questiona in

. thel textbook, process ‘knowledge (pqoduced by students) is not recorded as
data in the current atu'dy. This serves to point out clearly the relationship

" of process knowledge to presented knowledge found in a textbook. Process
N . . .

l;nowledge 1s not presented, it is obtained independently by students. The
extent to which this kind of activity is required of the student is an’

important research question. The taxonomy pevelope& herein Scould asgist in

; ".q .

: PR 1

o . A | M

.‘\ g' P B i v .‘\\

* . LR : . W K Wt

The above review of the %stheoretical, empirical and process
3 !' Uy i 1o

knowledge forms ‘was initiated% by the Jénléins and H(ass 1ists of

.providing t‘hia lrind of information

.-yt

. &
Wi L 4 t

\ chemistry education subculturés (1981) mhltiperspective approac
\ \ ". N .o

(1982), epistemol\’ogical approachea or preferences‘ (1983), and .

s K

\:,;---"";‘

normative perspectives (1986) ! This group of k‘nowledge forms found in

chemistry education textbooks waa originally classified as part of an

i' academio curricular emphasia h\); .;Ienkins (l§983). but appears later in
ot

this: report as a nature of scie'nce emphasis. What:ever.j way thesl three

knowledge forms are nesced, they may play ‘a central a’nd significant

| role in curr?.‘nt science textb;oka and in current curr'iculuns and |

: testing programs and need to be included in any classification 6ﬁ

;i_.” .

knowledge. :

: R .

e L PP
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The second maj'or grouping'of g‘nowledge forms from the Jenkins and Kass
‘1ist uséd to initiate this study is the spplication group. This group or
emphasis was initially composed of applicstional, parochial "and
ecological knowledge forms (Jenkins 1983). Examples of 1itersture that
espouse an applicational epistemology are Botting (1980) and Ge'orge ( 1981 )e
Typically the applicstional epistemologicalVprelferences are held by
pedagogues who see applica’t‘io‘ns‘ as being a way to motiyat_e students or to ‘
illustrate the tremendous power of‘ science in providing a technolo.gical.fix
' for citizenor societal problems. George's engineering viewof science |
.‘education condemns a "narrcow approach to'science' which emphasizes only
basic scientific princ\iples , and} 1is drying up both the supply of young
scientists and public appreciation of and support: for science and
technolo'g'y" (‘1981: 3a0_). George not'only argue's for a better balance between
contentandcontext butalsoextendsaninterestingargumentofa - .
' particular engineering (applied) way of‘knowing chat differs from the

Yy

scientific norm presented in science textbooks.

Harrison (1985) at ‘a WOrld Trends in Science Education Conference

-

)

Awith an. emphasis on technological literacy has expressed the. need for
. a technologically literate cit:'izenry in a. democratic society. Pacey
' (1983) has expanded the restricted mean’ing of technology from the ‘

strictly technical aSpects to'a more general meaning including

i r‘ . Fs

, cultural aspects and organizational aspects. Kline (1986) expresses

9v
-

the concern that "we cannot get on with our work in STS soudies even:

reasonably well until we 'unpack' the word 'technology'." Kline

,»"identifies four usages of.the term, technology. 'l‘he first usage :ls to

. . u; e IR
Y A NN : - R o L.




' .‘and Society) project of the USA National Science Foundation.

: recognlzes the importance of technological literacy. cot o

denote technology as manufactured articles such as household chemicals,

commercial machines, and industrial plants. Kline prefers to use the words

"hardware"” or "artifacts" to refer to manufactured articles. The second

usage of technology identified by Kline is the process of manufa‘cturing-
hardware. The full usage of technology in this context usually implies a '

system of people and machinery, referred to by Kline as a sociotechnical '

" systemof manufacture. Kline 8 third category describing technology is

teohnological skill or methodology or know—how, His fourth category of

technology is sociotechnical system of use, such as a transportation system

ora militaristic system. This last category seems to subsume the previous :
.psﬁ-; N ) " i

three categories but puts the emphasis on the use of technological

products, processes and skills to accomplish a social goal. From Kline's

perspective the development of sociotechnical systems is a characteristic

which distinquishes humans from other. animals on our planet The views of

Harrison Pacey and Kline have helped to characterize technology and to
- o D e :

?tablish the importance of technological literacy as a curriculum %,

i

component in schools. What remains is to establish the content and
[ v

activities that would be included within a school science program that

B .
L3 A

Lo
e

Toward this purpose, a newsletter, the S-S’I‘S Reporter, was :

_-—-»,,.. -,

¥ established along with an annual technological 1iteracy conference RIS

} Y

initiated in 1986 by the S-STS (Science through Science, Technology S

T@chnologica\l literacy is described in the S—STS Reporter (1986-61)“ as_._"vj, :
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" "devices which affect the daily lives of all citizens" plus "the

. technological products. The .Author Group (1986) identifies eight"

_ listed—technological skills problem—solving processes scientifiéQ :

interest, products, processes skills communication technology-sﬁizénce

understanding of themajor scientific and techno‘logic‘al forces ahaping .

contemporay 1ife , and ' the ability to take responsible citizen action to ‘

promote and preserve the common good ina technological age". Alberta

. Education (Popowich et al 1984) usés the term science-technology

' VH‘
? B "
11 teracy to conceptualize a study of technology as part of a student"s

\\

science education..Six dimensions of technological literacy are

¢ L

knowledge technology as chang‘e agent STS dec’ision making processes and

Y
S

.h-A., ' co ol e

categories of technological understandi'ng-technological informatio‘n of .

- . . 1“\ [ I . v oo

interdependence technology and societal change and technological eroblem

solving. The Kline Alberta Education and The Author Group lists have alot

. » e

) in common. Both the Alberta Education and The Author Group lists are bloader

| in scope than Kline s due to the more pedagogic perspective taken. Thﬁ Author :

-

Group categori es go beyond the Alberta ,Education dimensions by includiing

iy technologicab communication and technological information of interest.

i .‘textbook content that couldfbecatégorized as technological lite},

S

[ b

The STSC Chemistry textbook provides some specific examples

o lc,,_': }['ljf:*j’»f” L

’ ’.Students are asked for example, to list five defining .differenck R




o . ' - B f
. . L3
V.

‘ cla'sslify technological c'ontex‘ts .a‘s consumer ‘commercial | or industrial >
list the characteristics of a.technology acceptable to. the engineering . “

| L community, and evaluate a technology from a multi-perspective point of
view. This nature of technology content.is {n addition to the standard
technology content related to products, processes skills and problem
solving. The Autho,r Group has declared a technology emphasis for one unit in

each of their Grade 10 11 and 12 textbooks. The technology emphasis is

developmental £rom one level to the\next.

—

c'- i

In summary the technology kn}owledge form includes a very broad
7 S
. range of different kinds of kﬁowledge. The study of technology is. not

“ e

restricted to science or vocational courses in the schools. Burke

(1978) in the book ?nd telévision series "Connect\ions | makes the point

that: the history of civilization tan be studied by studying its

technological inventions.v He choses ten major technological inventions

» - ¥

(e.g., the plow, the airplane, and the computer) to illustrate the

connections among science, technology and society._ As a result, the

d

1,‘, /IS(I‘ N
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in textbooks and curricula. ’I’his‘step is necessary before provincia'l

‘ ;"examinations can make technological knowledge part of a testing program
which would firmly establish technological knowledge along side scientific )

; knowledgeixlcurricula.;

v . . ! ~» ‘

Jenkins and Kass next identify an interest group which values
"knowledge specific to a particular region of our planet. The Symons

‘Report (To Know Ourselves) (1978) and Page 8 A Canadian Context for '
Science Education (1979') both favor the- inclusion of a greater o ‘

'
-

‘ proportion of Canadian content and contexts in our science curricula. .
‘ ‘Althoughv both of these writers concentrate-‘on recomniendations for the

.\,univers"ity_ level rather than the. school level, the'debate ayer the “

»

distinction between Canadian conteént: and l‘ocal context ‘seems to have ‘
“'been a necessary stage in the deliberations conducted by the Science

.Council of Canada science education study. Ihe study has collected

v

‘ analytic data ‘on the amount of Canadian context provided by science .‘

' 'A .
1 \l_.

textbooks used in Canadian schools (1983 Volume I 213 267). One

fobvioug generalization that emerges from the analysis of the data is :

Co that there is a strong correlation between the amognt of Canadian
' . ‘ﬁ .- - Ve

; ‘}v‘textbook authors. Canadian authors,,in general include morevabout.A

»_"Canada in science textbooks than do foreign author’
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C ‘Kuhn (1970) Ravetz (1971) and Latour and WOolgar (1979) make this same

e ‘all .textbooks can supposedly be aeen as being nationalistic. Science

!

.v point with regard to scientific knowledge itself Once this is recognized

educatora now recognize that the NSF scien e projects of the 1960's and now
'3

the NSF proj ects of the 1980'3 are sociall iven. They are a product of

\

‘ their times. This interpretation is often nyﬁ: obvious. at the time a textbook

iswritten{ ‘ e

i

.The- science and technoldgylof ‘low‘-en'e'rgy pasaive-solar homes at‘e_‘

omponents of a Canadian invention that is only sparsely taught in

Canadian schools. Some of thefelevant science content is taught in
N C‘ " '
"'the context of calorimetry and thermochemistry in school curricula.

What, has not been recognized is that an acontextual approach reflects

i

"just as strong a bias as fthe Canadian context adv'cates are accused

of p‘ossessing‘(i-.‘e'.,‘ not including Canadian contexts is a bias) The,‘.“ )

advent of the STS movement has once again b;ought the national content '

_1 .
K b

\"isaue to the forefront. However, th;s time the inclusion of nationalr..‘ |

| content and context has been accompanied by the advocacy of gaining B

a..

‘,.‘
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. of nesting knowledge forms within curriculum emphases is still ,appropriate, .‘
but the application knowledge form is now called technological and nes ted -
: within a technology emphasis and the national knowledge form is now nested . .

' within a societal emphasis. What this illustrates is that the knowle_ge form .

. categories may be more stable over time and that the emphases may change more ‘
often. ‘ o S '

. pedagogical and psychological knowledge forms which were represented

The original Jenkins and Kass pedagogic emphasis ihcluded

in the literature by Herron (1978), Jenkins (1980), and Rothe (1978)
Herron points out the incompatibility between logical order of

| chemistry content and psychological order. Jenkins examined what
Factor and Kooser refer to as pedagogic license within the ALCHEM

Lo materials and described some ALCHEM pedagogic models and theories.‘ .

' y 'l‘hese are restricted or modified scientific models or 'theories which

according to Jenkins ‘not only increase learning efficiency but also

!

involve teachers nd students in the process of scientific theOry

\, J ,'_ . .,.“ o

development (i.e., Kuhd s "formal science). Rothe on the other hand
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The Author Group (198’6) has gone to the point of identifyin'g pedagog&

1

i,ways of knowing within their textbooks. Students are asked to ¢l ssify

g given memorized and referenced ways of knowing in addition to empifrical and‘ )
‘ , 1 | | ‘
‘v

- theor&ical ways of knowing. These other" ways of knowing ar_e i(n effect

‘

pedagogic. If a student does n\ot ‘have an empirical or: theoretical way of '
knowing a*ailable to him or her it is important that alternative ways of

uknowing be conaciously available. For example the chemical formula for ‘

water may be empirically determined from a Hoffman Apparatus o’r ,

f

) theoretically‘ determined from Lewis Molecular ‘l'heoty. If these two ways of

‘1‘

'knowing are not available then the student m,ust be given the formula must
v . ’ N L m, )

memorize the Eormula ‘or mugt look up the formula in ‘a reference book When

PO . ' o

" "ohe student does not lgnow how the formula for water could be determined '

+
»

e empirically or theoretically, t:hen the certainty with which the knowledge . )

Y

| is held is suspect. The Author Group believes that iE students are made

g conscious of how they kqow something, they will gather a healthy skepticism .

[ R

‘ ““-‘,’A'for how certain any knowledge is. The concept of pedagogic knowledge can als.o ,'ll‘: -




”'.evaluetlng the‘tenonomylof knowledée'forms.developed‘herein. Lo
. L B i ‘ . . . N “ \‘l' N

.%‘ : R i [ S '
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); . . ‘ ‘ ' v . ' )
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v" Jenkins and Kass (1981 l983 1986) identify and describe epistemology
AR ! .
‘as a knowledge gorm to be presented to students. In their original

' ,n ‘.

‘ % EpLs gy and Curricul& )

conceptualization, epistemology was a,knowledge form‘created in‘order

o

\ntto classify knowledge about the nature of science. The nature of
- c" ’

Q&ientific knowledge .and’ the limits of scientific waysﬂg\\knowing,

[}
1

ihcluding discussions of alternative ways of knowing, are’ generally

‘ not included in science textbooks.\Munby (1982 Ads addresses the ‘
l“,zf' RN

integration og epistemology into existing courses and the problem of

W
-

’ time in a-curriculum ("race course e B ”: Co ‘-“’L_ L

L f"There is no reason why great strides toward intellectual
Sl ﬁindependence cannot be‘made through minor adjustments to our
L. . present teaching. We" ‘must speak of theories as inventions, .
o0 we must. remind learners: that scientific constructions are . .
ERTN models of reality and not more, and we’ musu\be dirre’ that we‘\effﬁﬁ Ve
¢ offer: evidence claims ‘and’ deal with student contributions in .
a. rational manner. ‘f'iM‘ Cet T : S ' :
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SEARE ?V'Canyounghighschoolstudentsreallythinkseriouslyaboutthevﬂ
nature of scientific knowledge and if so, under what conditions’?
" 'Why should students take time for such reflection, and to what
”extentwillthischangetheteachingofscience9 :

o

‘The Science Council of Canada Report 36-"Science for Every

e
.

‘ *Student" indicates that .the Council does not expect students 'to be :

'.
LI

ghtrained in the philoaophy of science.‘However, The 'Author Group seems

1 .
Lf

to indicate otherwise in their textbooks where, in a'resﬁricted way, .I\”

N ' !

they require students to answer specific questidns on the nature of v f;
T "oy * LT r . L
'<,scientific knowledge. Not: only do they ask students to classify ‘
‘.' [P Mo ' .

”7"‘scientific knowledge and ways ?f knowing as’ empirical and' theoretical '

W

ut € y require students to identify the characteristics of theories

;M_ .
fand laws that are accepted by the scientific community. For example,

‘the STSC che-istry ‘10 textbook asks students to list the three o

'-,l

b

» fcharacteristics of an" acceptable theory as one that explains, predicts‘

iy‘fand is simple. This is contrasted to. acceptable scientffic laws and

.. . \

"generalizations which describe, predict and are simple. These authors

. 1 . Yy

.




discourse and not just: into the laboratory work References to theories, Y
\ . . . . . .
iw'

‘ laws and generalizations and to the evidence that supports statements made
) N vV , . )

‘ ﬂ.the textbook lets the students.in on. matters affecting the certainty and s
LN > ' R '

theoriginofknowledge. C

The evaluation section in the S‘ISC Chen:lstry laboratory format

o ! e

directs the Students to l. evaluate the prediction, 2. evaluate‘the" ‘ S

.theory, 1aw~, ‘or generalization ‘or ‘experi'ence use,d»‘ to make the, ‘_‘ BRI |

prediction, and 3. evaluate the experimental design. One signifioant ,

o N el
5 change is that 'i‘he Author Gr%np advo&tes the inclusion of predictioqs"‘ ‘

"

. to problems which will ‘not be supported by .the evidence. This results ‘_, ‘

]

in the potential Eor falsifying the theory, law or generalization used ‘

Y [

to’ make the: prediction. The S'[SC Chemistry textbook presents "3 R s"

N

to resolve this situa,tion. ’i‘he‘ student must, decide to restrict, T .

revise, or. replace the theory, law or generaliz-atioq used to mak ]

[ :

pﬂiction which was not Supported -by the evidence. Through thi‘

) o S ‘H'* v s
1aw, or generalization and come tq‘appreciate first hand the degrees T

Vo
N . At ’ v
. " . "

of certainty associated with scientific knowledge. Classroom evidence
' \ X N .'?

gathered by The Aut'or Group ind'icates ‘this approach works well with
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N gommunication are gurrtcular'emphases, and that epistemology {s a textbook
N " A .
‘ ‘ﬁ‘ content {tem forhot only a science emphases, but also for technology,
LA T o - ) »

.gociety, communication, and pedagogy emphases.
b o
U . -

\Gedgge (1981) lends support tob the ?bove view by making the

A

A\

' v
. -\epistehokogical point for technology qnd'enginefring. He indicates
. ; \ a

that engineering involves knowledge, skills and attitudes differenc
\ ' ) ‘
N | . '
from science. The skills involved {n engineering may even be closer
. : ‘\ \ N .‘ ’ .
" to the kinds of skflls required by citizens in a technological sociery

.

{ A .

than écgentific\skills are. George also ﬁoints,out chéc more §f our
high SChDOf sctlnce students will go on t% become engiﬁéers than ;111
bgpome‘researchASCientists. Nelson (1981) supports théfpositign Fakeh
‘by George. Nelson indicates tﬁat applied sciience has beeﬁ’ |

misrepresented or neglected in high school chemistry courses.

y | ) \.
Epistemologically, ‘applied chemistry 1is largely empirical in nature,

~ and “according to Nelson (1981: 5) "the help that 'pure' chemtstrj can

give is relatively limited." Nelson feels thaé, because of the 'pure’

chemistry training of| chemistry Eeachers, changes {n cucriculum to

+

include more 'applied’ chemistry will be very difficulc to iﬁplement.
In Albera The Author Group has been conducting QorkshOps which

{1lustrate through laboratory activities the difference between
: \

4 .
scientific problem solving and technofbgical problem solving. The

systematic manipulation é%d control of variables is similar to’

-

scientific problen solvi&é but the end product isg different.

i»
Technology is not interesﬁid in describing and explaining a

\

' C .
phenomenon. Technology is interested im getting something to



. o N
work—reliably, economically, and simply. ‘ N

»
Y

Epis£emolog} 15 in part a study of the criteria by which
knéwledge comes to be accepceQ or rejcéted by the re}évanc community
of scholars. To what extent students can be exbeQCed‘cé explicicly
conseider these criéeria is a queétion for classroom research. The
Author Group has gathered informal evidence to suggest that such
conéidéracion ylelds positive results with high school chemistry
students. Tﬁey ask studénts to clgssifyikﬁowfedge anﬂ procedures as
empirical and theoretical. To accdmplish this task the students must
know the characteristics of empirical and theoretical encities;.For

‘consiscenéy The Auchor, Crouﬁ also refers to operatiénal aﬁa conceptual
definiciéhs as gmpiric;l and theoretical. Any épiste@ological approach
such as this one must be explicic, simpfe and understandable in order
to be successful in the classroom. It seems to this reseqrcher that .
"an epistemplogiéal—level classification of cqncepts and corresponding
methodologies presented to studéncs by way of textbook or classroom

discourse is fundamental to an understanding of the nature of sclence

and ﬁechnology.

Gowin (1984) has worked toward t;e above pedagogic end by‘
creating én hepiSCemoldgical—V" to conceptualize the‘relationship
among concebtual knowledge, methodological knowledge,  events, and
‘questions witﬁid’an educational context. Gowin's V hay‘be degcribed as
~a heuristic device to help students learq tﬁgtbgohcepﬁs are human

inventions. Students are given or acquire observations and are asked

to list' the concepts and methodologies that they._would use to make |

\
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epistemological V.in general)form and with'an example. Figure 2.1 indicates

conceptual syatems, ,theories',f andphi losophy. "Method,‘ logical knowledge'

~
-

aenae.of the observatfons.‘“l“i‘gure 2. 1' and Figur‘e 2.2 {llustrate Cowin's ‘

' .
<

LI

that "conceptual knowledge mey agpear as concepts pr?ciples and

n \

on che opposite but‘co?plementary side of the Vincludes, respectively,

records,’ tranafdrmatipns,'and knowledge claims. Figure 2.2 1lluptrates the 4 -

‘ .
~ f e 1

concept manping‘ of the clonce'ptu'al'and methodological knowledge necessary to

‘ S
answer the problem—""How do acids vary in aqueous solution?" For the current

" study the'tlassification of knowledgé as conc‘eptual and methodologicai,is a

useful‘eXercise. 'However, uhen analyzing textbook (gr classroom discourse s
the abovelcl“assifica‘tio’n can be shown tn .be quite res trict'ed. The statements
t'hat the‘ number}of electrons beiievegi to be {p a sodium atom is eleven or that
the mass of a particular semple of sodium metal 155.62 g could not be ' .
clas‘aifie‘d as conceptual knowledge or as méthod@logical knowledge. Gowin's
v, therefere, is use}ful for the purpoee for which it was-created (i.e., as a
heuristic device), but is too reetricted to be used for the adequate

classification of textbook discourse.

Epietemology -as content and as process has been on the fringe of

- science education forrmany years. However, the conceptual*iéation has .

usually been restricted to science as inquiry or critical thinking or.

scientific attitudes. The broadening of the conceptualization of

[

epistemological content in science education to include modern

philosobhical ideas about the nature of science and the nature of

~

technology has been advocated by the Science Council of Canada and by

others. What remains is to find- pedagogic ways of presenting

\

gy

P
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‘epistémological.ideas to high school studeats, and to find conceptual ways o Y
of-'representing epistemological ideas for researchers and teachers.
- I T
. E N - v 14 . .
F. STS:\Science, Technology and Society o ‘ . CoNy

o \ ' v“ " - '\\
Science, technology and society (STS) is a scilence education\movement
U
1of the 1980's. STS has been interpreted opportunistically by various
‘ i
interest groups that existed prior to phe STS movement. Conceptually\

R 1 ' ' ] \
STS has an {ntegrative, sinthesiking‘potential. Many interest grodpl '

n

: T o B I
could be satisfied by curricula snd textbooks writteniwith STS ) ji oy
components. There is aIready evidence to suggest that STS is being I

. N » o 1

supported fairly widely ‘for a terminal or general science course

(e i8e, CHEMCOM) but chat academic students are less likely to see STS
ﬁ
integrated into their courses. The evidence comes from a perusal of

—_ o

STS publications such as the S—STS ReEorte (1986 and 1987), the NSTA S

N
¥
Yearboxk Science, Technology and Society (1985), the Science, .
Technolog ' SQ_iety Research Network missives (1986),.and cne British
. N -
‘Council Science Education Newsletter (1986) : -
Bybee (1985: 82) indicates-awarenees of the potential L o N
miSapplication of STS.
. . 1 .
' K ' LI . 0 ‘ <
. 1 believe that the new [sTS] goals for science ‘and " L L
technology education must be for all students, with the
single exception of special students.‘The application of new
goals to course materials and instructional strategies must E
occur for the 'core science curri¢ula,;not just for advanced S §
placement courses or’ courses for slqw learner.., . I BRI
. . e . \ . .o ) ’ B 3 K
This commitment is different from that of Klopfer (1969) who. called S
for: two- discinct curricular streams—s Prospective Scientists stream - ,ifi«. tﬁi
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'

. ' 1 v '
. . '\ . t L . ' .
SR o } . N , o ‘,‘ o 7?
AT ' " . ' e '

and a Scientif_ ic l.i teracy stream. Roberts (l983: 34) suggests that a balance

of curricular emphases is important "for all students". The Science (iguncil

of Canada study of science education (1984) also calls for scientific aad

\

technological uteracy "for every student". An inference that can be drawn

. from these statements is that there {8 concern that science curricula with

\ ” - AT i( 3

. technological and societal components are not being designed for all

N '

: students. Ina democratic and technological societhhis concern is of

Q . — .
particular importance when voters are being asked to make dec isions on such . 2‘»

. . / -
scdence and technology vin society (STS) issues as nuclear energy, acid rain,

A

toxic waste, and resear)g;l funding.

[
.o

"

Jenkins (1981) has expressed an additional concern that diffe?‘ent

kinds of students are both implicitly and explicitly being provided

.

with‘gifferent kinds of knowledge. "Better" students are studying!
academic knowledge' forms while "poprer"- students‘ are studying applied

knowledge forms. ,Besides the concern. for the moral and social

\ ' 1

' v
connotations that such a, matching conjures, Jenkins expresses the need s

at . . : lg\ e

I

_for a liberal science education for all students. This same concern

| -

h’as been expressed many times by the scientist and - telev.ision ‘

personalir.'y David vSuzuki\ He has pointed out that lawyers, for‘_-

\ . g‘*‘ . \

B example, hsve come though an academic education stream in school, have

'taken either academic or no science ‘at the university 1evel »and then

NI

i .
many hsv go‘ne on to’ become political representatives and leaders in

soc‘iety. l’t would seem imperative that these leaders

should receive an education which would help them in their service to |

vbour;democratic wsy of life. A similsr concern has been expressed by ‘

Ca

é e
.
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\ : y
Solomon (198}3 t&\jough the SISCON materlals and by the Associathn for:

[T

14

.. Sclence Education (ASE) through th? Sclence ln Society readers (1981) and

the Science and Technology in Soclety (Sa’l‘l S) mlnl—modules ( 1986) uaed ln
A | \

" high schools and uhlverslties in Great Britain. t v

| . l “A

o . .
Bybee (19851 84) also indicatea hls commitment to STS and the

! ' o . S '

worth oﬁ STS knowledge 1n‘nqday s context;
: ‘1 ‘}" ; fvr . . -’. '_ : ‘ g

Sclence teachers are . being called ‘on 'to- answer a

,contemporary and expanded version. of the question,

philosophexr Herhert Spencer ‘asked- in 1859:. "What knowledge
is of most: worth?" Spencer s answer was science. So is mine.
But what science is. of most’ worth to the citizen today7 The
knowledge relevant to. sclence, technology and. society (STS)
issues, for these are the' issues the ‘citizens will help
resolve. S o ‘ v :

o ] '

The problem for sclence teachers and for departments of educatlon is
that technology has been almost 1gnored (Bybee, 1986) and there is
llttle or nothing 'of STS ln currently available tethookd (Piel

'1981). To assist in the development of STS currlcula and textbooks

. i ¢ "-
Bybee suggests the following framework for sclentlflc and
téchnologftal litera‘cy: ' o o : . S

1
PRI
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T,
P

y ' .ot

Tab1e22 U :
*A Conceptual Framework for Scientific and Technological Lﬂteracy

P

Goals = . Acquisition_of“: : ‘Development of -+ . Development.of ,*
knowledge\ "' .. learning skilds . ‘yalues and ideas‘
Lo | T .
Themes" Concepts of science IProcess of scientific Interaction of .,
' " and technology - and technological science, technology,
inquiry AR and society
] T ) . =
Areas of Personal matters o Information gathering Local issues
Emphasis Civic concerns ‘ “ ‘Problem solving . Public policies
~and Qk ‘ Culturif perSpectives Declsion’ making " Global problems
Activities’ N [ - ’ ' B
} L ' Y v -~ B :
) ‘,The p;?sonal. Civic and\cultural literacftcategories in‘Bybée‘s
. . ‘L \ \ <
cohceptual framework are taken from Shen (1975). The first two columns
» ~ \
‘are 8imilar td“Gowin,s conceptual d meUhodological sides to the
) 0 . \./
epistemological-V The "development of values and ideas" is somewhat
exemplified by Aikenhead s and The Author Group s multi- perspective ’ e
classrogm approach to science—and technology-in—society issues. In the
' present study the knowledge forms that could mahe up an STS curriculum
abe'viewedvas more-specific than the categories outlined by Bybee.
However, the Bybee f&amework in being general is also’ ‘Very complete —

“in its description of STS curricula. Curriculum and textbook

-1

. ‘
developers could certainly benefit from using the framework for'

\s

guidance and comparison.

?ikenhead (1985 1986) prOposes a. framework of STS context

y \ 1 i
“t

including, 1. science discipline content. 2. technology discipline

contené* 3. characteristics and limitationsjﬁg science and technology,\

LY

v

3 interactions of sgience and technology with society, and 5. skills
‘ _ ) '
. of communication and mathematics. Aikenhead's STSC emphases (science,‘

1fif:ﬁ;
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f : ! ,
! . ' . . L \

' technology, society, and communication) are similar to the STSC Chemistry

textbook authors emphases. The major difference is in the establishment of

a separate overall epistemotgy emph&is/by Aikenhead and an integrated

epistemology category for eath emphasis by the STSC Chenistry authors.

‘ The 'four year Science Council‘ o'f Ca'nada deliberative inquiry of

Canadian science education’ developed ei\ht recommendations for renewal

of Canadian science education (Orpwood and Souque, 1985 636) Three

of these eight could be’ described outright as STS: 1. ,presenting a.

more authentic view of science, 2. introducing ‘technology education,
[y i . . ‘ ! . .

v, and 3. emphasizing' the science—technolog‘y’—so&:ié\ty connection. Two of
! . : L \ .

‘t
\

A . : . \ .
“the other recommendations have societal ‘o\rerto‘nes: 1o increasing the

[
\

participation of young women in sclence ed cation, and 2. setting

‘ scienge education 1in a( Canadian context. The las't two recommendations

deal with science ‘fot every student,and for all objectives:' 1.°
N * ' L ’ )
guar\a’nt'eeing slscience edacation in every el'ementary-'school- and 2.

P

ensuring quality in science education (developing and implementing

)

V

assessment techniquesl "for all the objectives of science education e

'4 .o '
0

Hurd (1986) lists nine advantages of an STS concext for science

- K

v

and technblogy education. The advar;tages listed include increased

student motivation, .a richer framework for the development of

. intellectual skills, knowledgeable citizens, awareness of the/social

and personal implications ofﬂzhat is taught, a more authentic view of

o
s !

science and technology, increased connections with other school

subjects, and student use of knowledge and skill for planning the ’

' future. In summary Hurd describes the STS movement as. "holistic" and'




fecological"(i.e.;STSlooksat acomhination‘ofﬁélationshipsbetween
L ' W - . “, s ‘ N ‘ ' '
science and society). The‘researcher through teaching and authoring has

~ . come to aupportl tlhelSTS.movement.' This valuej-laden decjisio‘n has alsoiled'to
the’eatahlishme‘n‘t of STS as one 4of .the theoretical perspectives within the

conceptualanalysisresearchmethodologyusmitoguidethisstudy.Thenext

theor tical ers ective to be reviewed is the practical perspective.
e; persp . :

. . '
~ h

G. A Practical Perspective
[ . .
A practical'perspective‘is-the fifth theoretical perspective used to’

"guide‘this study. The other four perspectives reviewed ‘are 1. B
curriculum emphases, 2.unormative perspectives, 3. epistemology, and
A STS . science education. ln this study the practical has pLayed a

"subtle but important role in influencing the questions asked, the

v

‘procedures used, and the‘kinds~o£ knowledge forms Created'for the . .

‘taxonomy of textbook discourse. The practical perspective is important

both as a background methodology and as a criterion for making
evaluative decisions on whether to keep certain knowledge form

“‘categories in the taxonomy which is being created The' study is set
. G ) \
.in a researdh and practice context and was conducted simultaneously

5

»with the conceptualization, writing, and piloting of an §TS chemistry o

textboak"by a group of-authors including the researcher. The l'ﬂ”-f" R

P

‘éliterature now reviewed is with reference to this theory—practice

dialec:ic..\ﬂ

_‘J. e LR . ! K v o . L ) ) .

Joseph Schwah in a series of Eour articles entitled "The

.'~ ' i ,- N J 'l'

X Practical" (1969 1971, 1973, 1983) declared that curriculum studies Kf
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- is moribund Anew approach is requi red. 37 ab's inter’est on behalf of &

v ’

curriculué theorists seems to be to exer?se some influence on the
S attainment of a 1iberal education for c}lildren. Evidence of the lack’ of

: ' . /( ’
\application of educational research }o educational practice suggested to

'

Schwab that: the*emphasis on the the/oretic in curriculum atudies was having

-

/‘ . -

little inf’luence on clasarooms. chwab‘concep‘tualiz.es an answer in a-

. 1anuage for-and an eclectic arf of the‘pta‘ctiéal.‘ Schwab may be described ‘a:s ;
. Aristot,elian in that he srees "ignificance {n the theor:‘etic and p'ractical |

‘ split‘in perspectives t’olw‘airdl;nowledge and advocates aunity'of these-two.

‘ perspectives. The uni ty/is seen as a dialectic between the two suppoeedly

opposing perspectives/.’ In a complex fashion that reflects the educatioual

event: {tself Schwab/t/ries to unify the theoretical and practical

' v

' perspectives with Ais underlying liberal education values to create a

’

‘process of delib rative inquiry. Schwab'’ 's conceptualization of .

—_—

; / ' n '
. deliberative }équiry is useful in describing the background {nfluence of . -
, thepracticalonthisstudyi

Deli/berat'ive inquiry is p'received by Schwab (1983) as being\ a
‘method {ogy that seeks the unity of theoretical and practical ideas by
4 ‘ o
. bringzlg the agents of these ideas together in a specific problem

,"solving context. Schwab (1974) suggests that the practitioners are: the>

only interest group not to be given special consideration over the.

"

years of shifting emphases in education. In "The Practical 4" Schwab

4,

‘(1983 241) calls on the curriculum professor to lead local groups of.
3 .curriculum developers in a. process of curriculum reflection"

‘J‘

'According to Schwab ' the most important person to be involved in this

[
o
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reflective process is the teacher, '-l'he"curriculum reflection would {nvolve
a dialectic consideration olf ends 'and means_'"a' 1{nears movement from ends to

means jis absurd"‘i( i983: 241 );

: ) . L ‘
Jenkins and Kass (1980) have described this kind of procesa as

, it has been uaed by 'l‘he Author Group in its writing of chemistry .

textbooks. These authors have over a thirteen year period continually‘
NG . )

. ‘reflected on the goals alxd activities of chemistry education .at the

same time as teachi@:ing a series of chemistry texnbooks. '

Although the range of involved in the S‘ISC Chenistry project

s narroweér than Schwab calls for in "The Practical 4", these authors

.

.have tr»ied to compensate by actively .seeking and discussing

alternative 'p'erspectiv'es advocatéd by other: intéresr groups. .The S'l‘Sé

Chenistry authors have claimed that the active use of the classroom
Lo - .

to create STS type textbook content is responsible for much of their
success’ aa_authors.‘ Not only do they use deliberative ;inc’;uiry in their ‘
‘weekly curriculum r_eflec'tion sessious, they include the most basic

, practical acti,vity. ,inreducatiori‘the classroom-in-use (Jenkins and
‘Kass, 1980). The closest that curriculum professors may come to the '
: A

classroom—in—use may be deliberative inquiry including teachers,

“

'stadents, and parents. However, for teacher-authors the classroom—in-

o . . e

N use does not in itself induce curriculummreflection. Regular practical‘

,reflection activities as may be exemplified by teachers involved in‘

.

f‘curriculum development is'a perspective not considered by Schwab.

_These teachera are forced by context into a situatiOn of intense

s'v'

-_freflection on their everyday activities in the classroom. In ‘a sense
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T

they parvtiallv‘integrate the perspectives‘of the curriculum professo~r and |

Iy

the classroum teacher. SChwab's perspective 1s that of a curciculum

‘ ‘ ‘ ) N
professor, albeit one who is a teacher advocate.

S

. ‘ . s ' IA“ ‘ s ' X '
Reid (/l979) and Phillips (1980) are among those who seem to have

been converted to the belief that the researchers and the

practitioners are going to have.to reach some mutually agreeable ‘

t

"epistemol'ogical approach {f maximum benefits are o acc‘rule 'to the

students. Connelly and Clandinin (l982) have simultaneously taken both

an . empirical and a theoretical approa&h to studies of teacher

interpretive ~frameworks and restricted their r‘esearch to teachers'

v
. ~——
)

‘ pe’).!sonal practical knowledge‘, o » ' ' I | N

Lantz and Kass (‘198‘7) used Crocker's (1983) concept of)‘”teachcrs'

functional paradigms in an implementation etudy of the ALCHEM high

[

"school chemietry textb‘oyok. Kuhn's concept of"pa‘radigms has been

reinterpreted by Crocker to indicate the complex nature of teachers

actions guided by individual beliefs, values, techniques, exemplars, ‘

and routines. One of Lantz s major questibns is, "What is the nature

v of teachex@functional paradigms as represented by the way they

. interpret curriculum materials"" Lantz gathered evidence to show that

7

chemistry teachers place a’high value uon teaching theoretical

@
. N V

,"chemistry but a low value on teaching the STS connection and the

nature of science. According to Lantz, teachers ate very concerned

Y

-‘about pedagogical efficiency, academic rigor, and student motivation.‘

V N |,

Practical concerns as . expressed in the conceptualization of a

@

" teacher s functional paradigm are particularLy important for.

o o ... 84

t
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1mp1ementaclonof<nuTLcula.OtherthanShipmaﬂandJenkins(1274),Crocker'

. (1983) and Lantz and Kass (1987) there has been 1ittle research into the
N v

functional paradigms of teacher—authors. This kind of research on the

- »

pracnicalhasBeencalledforbyJenkinsandKass(1980&l).' '

The theoretical traditions of educational research have to
date allowed little place for the conventional wisdom of
teachers . . .. Envisaged are practical researchers who
engage in an interactive process withathe problematic
situation—researchers who stress, among other skills,
action, judgement, deliberation, and tactics.

N e

In the present study the reseatcher has sought deliberatipn not only

within a group of textbook authors but also within a classroom

\

context. The taxonomy of knowledge forms has been developed within
these f{nteractive contexts, Deliberations have been grounded in and
around the resegrcher;s classroom-in-use (Jeﬁkiﬂ;, 1983). Curriculum
reflection requices the dialec;ic.between thedret;cal and practical
perdpeccives. Schwab_(1§83) has describeéldelibera;ive exchange as
being among sevefal,persoqs and/or differinéiéei?es aboﬁt concrete

alternatives. Much research needs to be completed on the design of

« '

deli?erative inquiry in a Oariety of curriculum contexts.

0y

Kuhn (1970), Ravetz (1971), Latour and Woolgar (1979), and Zukav
(1979? are examples of autﬁprs who .have commented oh the social

construction of §Fientifiéffactst‘A§ yet a book has not been published

\

’

qn\cﬁé social cédéprugtioh)df pedagogic facts, but many educators and

noneducators have commented on theé quick acceptance of "fads'. in .
‘ B - a )
edudﬁtion asgheing prevalent., Where does the social acceptance of
, Sa AT ‘ - .
pedagogic facts fit into the academic world and/or the classroom world

. oa o

» . -

"‘ - Lo ‘ "
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* of educators? In this study, for‘examplé, can the taxonomy develoﬁéd\iefyect'
the requirements of the science education co$hunity? To build a taxon&&& of
knowledge forms chat‘would represent‘che kinds of knowledge preferred by
various groups of the science education communic;*cequires a practical
perspective and an attitude of deliberative inquiry. A praceical,
perspective, for example, woul} allow for categories to be included {n the
taxonomy that are not ﬁecessarily gheoretically justifiable based upon the
previously reviewed theoretical perspectives. This kind of flexibility is

f
necessary for bullding a taxonomy that reflects the kinds of knowledge

\ Ll
valued by various segments of the science education community.

In summarcy, the practical perspective is important to chis study

{n two ways. A methodology of practfical {nquiry gnd deliberatfive
{inquiry was used to develop a taxonomy of knowledge forms which can

be used to describe textbook discourse. A criterion based on a
practical perspective was used to make decisions on wﬁether to
‘incorporate categories of knowledge that could not be justified on che
basis dflthe other four theoretical perspectives. The préctlcél
perspective completed the peptad of theoretie;l perspectives used to
Zuide the'development of the taxonoay of Ce*tbook disqpurse. The
conceptualization of this pentad of perspeétives was necessary to the
- first stage of conceptual analysis—the general methodology of this

study. The second stage of conceptual analysis is the development of

I

an analytical framework for analyzing a curriculum or iastruction

segment. The literature review which follows concentrates on taxonomic

-

frameworks.
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H. Taxonomic Frameworks ‘ .

The dictionary definition of taxonomy refers to "the science, lawys or

principles of classification”, and "the~theory, principles and process

". The ecymology.of

\

of classifyfng [things] into established categories

taxonomy reveals that taxis or taxo "indicates order or arrangement",

‘while nomy ndicates the systematization of knowledge about, or laws

governing, a ppecified field" (Houghton Mifflin, 1982). In this study
the term taxonomic classification is taken to mean a slightly higher
‘order of classification than the term classificacibﬁ system. Taxonomic
classificacion |is used to cosnote.a greater .degree of Eurpose and
understanding—a| classification guided by organizing cdncepés and
underfying prindiples. A taxonomic classification in this sense is
akin to the "ana ytical.ffameworks" which are developed from
"theoretical per pect;Qeéﬁ in the methodology ealied "conceptual

analysis' by Mahung (1980). In this study an analytical framework

called The STSC Taxonomy is‘deve}oped.

Bloom (1956)\différentiates between classification schemes and

|
i
¥

taxonomies b& 1ndiéating that the former may be arbitrary elements
while the elements of a thodomy must represent the phenomena in some
"real” way. According to Bloonm, classification systems are validated

by reference to the criCeria‘ofvcomdunicabiligz, usefulness, and -

~

suggestiveness. Taxonomies are validated by demonstréting-the

-coneistenéz of the gIemencs of the taxonomy with theoretical views of
order in a particular field of study. A taxonomy can be seen as a-

method of ordering phenomena in order to reyé%;?significant



relationships among the phenomena; The relationship may bel1ierarch§cal
from simple to complex or level of .awareness orqonsciousness_es in Bloom's'
Taxonomy—or the relationship may be epistemological, as in the STSC

Taxonom}ﬁevelopedherein.

1

. Bloom (1956) indicates that the criteria used to evaluate the

Taxonomy'of Educational Objectives were communicabiligx, .
N o /

comprehensiveness, thought stimulation, and acceptability to the

relevant community of scholars. Communicability was checked by having

community members niassify a large anumber of test {tems and then check

fof'agreement; Comprehensiveness was ehécked by nrying to find written

objéctives of courses which could not be classified by the existing

Eaxonomy,~ThougnE étimulacion was checked by asking various groups to

try the*taxnnomy in a variety problem solving contexts and to report

the uséfnlness of the taxonomy in stimulnting the creation of new
hesés. fhe acceptance and use of Bloomis Taxonomy by the

e nn community was the final criterion measure that was applie@. ©

This criterion‘requiren waif-time and couid not be judged adequately

until years later. The other criteria~communicability,

comprehensiveness and stimulatiomare employed during the current

study to judge the vaiidity of the STSC Taxonomy. Acceptance by the
I )

educational community awaits further evidence.

N

Bloom's Taxonomy of Educational Objectives (1956) is probably the
best known téxonomy in the Educacion aiscipiine. Thé stated major

purpose of the taxonomy is to facilitate communication within the

‘ education discipline by developing precise definitions and by: wricing
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”

: examples'of each category of educational 5hjectives. The framework {s to be
used for viewing and analyzing {ntended student behaviors:lThe orgn;ﬁation
“for the taxonomy was guided by educatiohal yMogical, and psychological
principlee. The principLes could be viewed as ‘thel"theoretical .

oy
perspectives" of conceptual analysis. °

-~

Curriculum builders and teachers were to 'uee the taxonomy to“plan
learning experiences and'\ to prepare evaluation devices. Moslt educ ors
have used Bloom's ITaxondmy at one time or another to prenare tests.
with a hierarchy'of‘ test items ranging f rom knowledge, comp‘t'ehension,
and application to analysis, synthesis, and eva;uation. In science

education lesson planning the former group is usually associated with

classroom work and the latter with laboratory work.

The major restriction of Bloom's Taxonomy is to intended
behavioral outcomes for students. "We are not attempting"to classify
the particular subject matter or content. What we are c1a331fying is

\

(')

the intended behavior of students" (Bloom, . 1956: 12). The major

aasumption is that the person classifying the objective, for example,
of e‘t‘lest ttem knows the students’ ‘p‘rior‘educavtiona.l‘ experiences, in"'
the current study, the STSC 'Taxcnomy was restrictec.lO to claseify‘ing
':‘f";siubject ma"tter‘ a.s expr.essed ‘in textbook .discourse, end' ‘this
1classificat1dn, not unlike Bloom's, assumed that the user had
knowledge of the students' prior, educational experiences. Bloom's
Taxononmy operates at a level of generality that allows it to be used

in any educational context, while The STSC Taxonomy is restricted to

-use in a science education context,
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Bloom's Taxonomy has recelved considerable acceptance as a
- 8

classification scheme for ensuring‘a hierarchy of test items on a

5
.

test. For example, Alberta Education currently uses Bloom's Taxonomy

l - .o~
\

to classify diploma examination questions to ensure a range of - %g;
‘ s

A

cognitive complexity within each test. The STSC Chenistry authors use
:Bloom s Taxonomy for writing textbook questions @nd’ incorporate ‘ o k

analysis, synthesis and evaluation as category headings ‘for. student

laboratory reports. ‘ : . ‘
- 4 ’ - " ’ . ':\(

Krathwohl, Bloom and MaSia (1964) extend the taxonomy of - r -
educationai objectives into the affective domain. As with,the
cognitive domain taxonomy, the ,affective objectives are stated in u‘,
terms of student behavior that serves as acceptable evidence for the
presencelor absence of.the affectiVe construct. iheifocus again~is on
the output from instruction rather than the input;’Klopfer (1971) has
reinterpreted Bloom's Taxonomy for science: education by creating -a
student benavior versus science'content taxOnomic matrixt Theimain‘
b"behavior classes in Klopfer's taxonomy are "knowledgeland L
comprehension , four levels of processes of_scientific inquiry , plusM'
| application of . scientific knowledge and methods manual skills"
“attitudesiand interest ’ and orientationv. The categories‘could be
'reclassified within science, technoloéy,‘society andﬁcommunication |
. curriculum emphases as done in the current study. Klopfer s taxonomy
‘is useful for classifying objectives that should be part of any

&.

'science education assessment and ‘it has been used for this purpose by
‘many national and international assessment studies (e.g., the IEA

'



9
A '
studies). What 13 not available to curriculum developers, authors , test
! O o o A £ .. Al B . o .

writers,.and teachers is a classiffcation of kinds of knowledge and ways of

knouing found in s‘c‘ien‘ce curricula. In order to facilitate communication,
. : ‘ .
v :
comprehensiveness and invention of ideas related to the content aspect of

.‘.“

‘science courses a taxonomy of curriculum emphases and knowledge forms may
\ : N

.

be useful. | . . - 'J.a‘. ‘
o ‘ ‘ -~

) Science subject matter is often classified at the high school

level into chemistry, physics,‘and biology. Another commonly known
taxonomic.classification used in science education is that of living
"organisms being classified into a series of .nested categories—kingdom,
‘phylum, subphylum, class, order, family, genus,‘species, and -

subspecies. In chemistr%; substances are classified,into pure A
sJ%étances and mixtures, pure'substances are classified intqﬁelements

and compounds, elements‘are classified into metals and nonmetals,

chemical reactions into inorganic and organic, and chemical bonds’ into_
'intra— and inter-molecula;; In the STSC Chenistry 10 textbook (1986)

for example, process skills are: classified as scientific and

;echnological with a number of subcategories, technological ‘use . is

‘classified ai’industrial, commercial and consumer scientific |

‘ ‘knowledge is classified as theoreticalaand empirical, and perspectives

A‘On an issue are classified into fiVe categories. Classifications such

as these are, helpful from a scientific perspective toldescribe the | '§% »
’,lnatural and technological world, and from a pedagogic perspective to -
}:facilitate communication, teaching, and learning. Classification is ..’» p"’

. ~ =
. one’ of the basic operations used in all disciplines. The ‘.“in, R

;
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legitimizing knowledge wi chin a discipline.

92

classificationsyscemswhichresultformchebasisfororganizingand

Harre (1962) 1nd1cates that conCepts which conbain sets Of‘g_ /
discre:e-and distinéuishable members‘are‘ranonomic. Examples or'
canonomicnchenistr}'terms‘used by Fenshen,(l975>}ere‘elemencs;-me;als;
helogens‘and tranSitlon metals. Harre describes fgrce{ surface |
tension, mass,;and‘density ;é nontexonomicQ‘Taxonomic ternS'describe

groups of enticies which have two‘or‘more broperties in cghmon. .

.

‘Nontaxonomic terms describe concepts‘nhich involve qualitative or

quantitative properties of .a single membership. Pedagogicallyl“

;akonomic concep;s‘can be distinguished~by exsmples and nonexamples.

. . " ) ) ) R - X . * ' :
Nontaxonomic--¢oncepts are abstractions learned by ""series of concrete

experiences of the<phenomena" (Fensham; 1975: 208) z this definition_

curriculum emphases, kinds of knowledge, and ways of . knowing would .be

described as . caxonomic. In The STSC Taxonomy presented in this

4

‘research report two examples are presented'forneach‘of'the sixty-six’

,cateé@ries of the taxonomy.

i

C of cdptent has. been advocacad by Schwab (196&) Finley (1981),

H‘Stewart, Finley and Yarroch (1982)T and Whice and Tisher (1986), as

'f‘variable in other research.

an- inicial requirement for ‘much of the reeearch done in/ educacion

k-4 . !

(e.g.; cognitive srfucture and problem solVing‘research). Once the‘.w

.‘ '

Lo

In the field of educational research, analysis and classification

’

! l;conrent variable has been studied it may then be used as a controlled

.4
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"

Finley (1981) suggests that terms used by philosophers of science to
describe types of concepts might be used by educators to build a
'classificationschemeforscienceeducationcontent.Anexampleofthe
| lsnguage ‘of- sciep‘ce ‘that w‘as‘used ss“classi'fﬂica'tory‘.words ina study’

described by Finley is provided below. -

: N ‘ IR
o Eﬁpirical elements are those which can be observed directly
.~ . by the senses or measured by relatively simple techniques.
s Theoretical elements are not directly observable. Conicepts,
' laws and theories provide the" knowledge necessary for'
-explaining and: predicting events in nature. (emphasis added)
(Finley, 1981 514) ‘

'Finluy's‘suggestion and subsequent use of this philosophicall
analysis technique Eor establishing controls for his own research are
specific to content analysis and classification for the purposevof
identifJ ng subordinate concepts. In'the present study the researcher o
is’ inteuzéted in going one step further-:o classify cegcbook concepcs,‘

methp ologies and questions in general superordinate terms,
independent of\content topic. The philosphical terms (e.g., empirical
and theoretical) suggested by Finley as-a tool for classification of
content are actual cstegories in the - taxonomy developed in the current

‘study. The srsc Che-istry autﬁbrs are’ also using the terms empirical

‘and theoretical as epistemological-content to: be presented directly to

!
[ROUEPN
N 1%

students. L ):' : ?“j,': chs,"f,u f -,‘.(p'(-f“
0 I , . . v - , r‘ . y‘ . v s N ‘
Scientific inquiry involves both the input and output of

U‘.

knowledge. Knowledge is what provides mesning to inquiry. Information

processing psychologists are interested in the same interaction of

?' pre-snd post-knowledge as the philosOphers of science are, except thatvﬂ’

i

:{_the pre-knowledge is the students knowledge rather than the science Y“




: co:'nmunit"y's knowledge. ‘The methods used for. analyz ing content include the

distribution and co—occurrences of selected words’ (Clarke 1973 Carss,

1975) paragraph counts (Factor and Kooser, 1981), and message ‘counts

(Science Council of Canada study, 1984) By comparison the current study

\

completed a sentence by sentence classification of chemistry textbook
discourse in search of knowledge forms. All of these approaches seem to be |
‘suppontmibywhiteandTisher(l986)whocompletetheirreviewof ST o

developments in'current research on the nature of curriCula with the i

. : - ' : R
‘@owingstatement.. o e

‘ Much remains to be learned about the structure of curricula
' and thf.ir textual material. (White and Tisher, 1986: 269)

The pres‘ent studv has made an attempt to" de'velopa ‘taxo‘nomy of
‘knowledge forms as' a descriptive devicle fo‘r .science cur‘ricu_la. The

-met'hodologv_ used in this study is & .research methodology aimed at
uncovering the fine struc‘ture of knowledge’ and ways of knowing found
in textbook discourse. The research method of sentence by sentence

) content analysis might be replaced in the future by computerized word

counts or manual paragraph counts., However, the methodology of

¢

developing a taxonomy need not be” the method of using the taxonomy.

Once reseachers have uncovered some of’ the structural aspects of
T ‘knowledge, -,teacherstl'a'nd students »'should be able to us‘e‘ the results to - -
guide : their teachingfan‘d ‘learn'ing‘ exeri‘v'enco::s.' ,

i There are different layers of classification of subject matter

'

starting with for example, nonempirical and empirical physics,u",l

biology and chemistry, organic and inorganic chemistry,',‘ic‘

DR
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‘ electrochemistry and acid base chemistry, and theoreéical and empirical
knowledge. This claesif‘)ication of subj ect matter is the focus of Figure 2.3.

Instead of continuing to subcategorize content into a finer and finer - S

structure Figure 2 3 illustrates that an alternative exists_a potentially

|
b

fruitful alternative for describing curricular discourse. The empirical =
and theoretical categories define epistemological layers which are

‘ independent of content .and are in this sense di fferent than Finley s

, | ¥ ‘

'conception of content analys‘i's‘.’ Identification of underlying :

epistemologically based categories could allow for a greater degree of

-
Cw

generalizability to all subj ect matter than content analysis of a specific

concept .or subject area.

\ .
¢ . R . . ' PO

According to Walker (1963) models as a way ‘of" communicating
| theoretical knowledge may be further' subclassified into concEptual : ,

verbal postulational, geometric, mathematical, and material
. qcetegories . | |

When a writer refers to the 'Bohr model of the hydrogen
‘atom' "[the writer] ‘may have in mind any or all of these
‘aspects‘ the. feader must select the aspects appropriate to’
the context. (walker, 1963 4) ’ e

'l‘he latter part of Walker ] statement is an’ example of what some

“ . ' Lo . \

| ,- educational researchers are investigating. The conceptual framewc\rk o o

Chat pupils bring to’ their chemistry education context has led to

research on the et€ect of misconceptions, preconceptions, prior ‘_ ' .

knowledge, personal experience, and cultural background on learning s :

1

(Fensham, 1984" 324). It seems to this researcher that c.l'l

"‘7'::5_; epistemological-levell\classification of concepts and of matching

/‘,"» « ! “;i(“ N
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'methodol‘ogies ‘g\iven to students by way of textbodk or cﬁ'la'ssroo_m discoursevis ‘ :
fundamental ﬂytheaforementioned research.’ | ' R
‘ lhe extent.to‘which,the.student‘should‘he let inm on the
epistemological classificationjof concepts and methodologies is being\
investigated in the classroom by the STSC Cbe-iatry thors. Theyjask
students to classify resultant knowledge definitiov , nd proeedural.
knowledge as empirical‘and theoretical. To accomplish‘this task the
students must’ know the characteristics of empirical and theoretical
“hnowledge enti ies. The approach must be explicit, simple and
understandable. Gowin' 8 epistemological—V has been used with students
‘in a similar way (Fensham, 1984 322) Students are given observations
kand asked to list the concepts and methodologies they would use to

,make sense of the observations (e g., the concentration and pH of ‘a

.eeries of acids).
s . .
Another research area that appears ripe for making alternative

methodologies (ways of knowing) eXplicit to students is cognitive

“preferences. Heath (1964) classifies rand describes four cggiitive

v

K p;eferences as student preferences for principles, applications,_

'

‘ ;_qg,estioningJ ot memorizing. White and Tisher (1986) have reviewed tre

\'i,‘ongoing debate over whether cognitive preferences are: general or‘v

specific over topic and time. This area of research is current and S

e

o segms rélevant to the current study. For example, do students have

preferences for certain kinds of knowledge or ways of knowing’ The
‘u [ " o B

STSC Chenistry authors. Eor example, have experimented in the,f‘[.* i

classroom with explicitly allowing students to choose their way of

oy : . Lo v
A, PR N ‘ O . v Lo v. o . . T R
T G CeTL L e T
[ oL I s R . ;o
‘ . g b B - . ' ' . o
L e S IR B
. . " o et RN TN s et 0 T
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knowing (e.g., empirical, Lheorecical memorizedv or referenced) In the
‘ presegt study alternacive ways of obl:aining che same answer are explicatéd
‘chroug he use of a raxonomy of knowledge forms. ’l‘he idea of a caxonomy whi‘gh
“is, in part, useful to studencs‘ée well as to educarbra.seems to extend the
criterion of uSefulneé‘s beyond’ t:axon'omies. such as Bloom's. ’I’hisvr‘nay be one of
the advantages of a taxonouxy of icnowledge forms ‘over a uaxonomy Qf“‘»’\'r
‘ éducational.objecéiues.
ln”éummary, takOnomiee have been described in qhellACeracure as

claseiﬁicarion.schemes ehat caniracilitaCe communicationdand_ﬁ LA
" innovat{ion wichin a particular communiny. Comprehensive‘taxonomies can
also serve a unifying function and’ set the overall conrext‘for K

specific areas of research. To qualify as a caxonomy within the realm |

of’ education the classificacion syscem ‘must be guided by and organized

[
\

under accepted theBrecical view:s from within the educational

| o .

communi.Cy.‘ Wich these potential benefirs and"‘l‘criteria‘for‘accevptance

in n'yo@,",a .t'axonom,y. .of vknowl'edge‘ forms ‘was develOped.

1. Validity and_keliability

The review of selected literature on the validitf and reliabilicy of

‘ 'V"Iresults from educacional research which :ollows is set in.a -
chronological context. Concern« for. ralidirsv and "hreliability are nor.‘_'
‘;st:at:ic overl the course of a‘ research study.r Because of the . .
reecrictions placed on this study by the problem .scat:ement che wide

range of concerns for validity and reliability in educacj.on research

s delimited.{nv



N

¢

‘e

. " L '
s !

' clasaiﬂﬁkacions of validi;y and idencitied three underlylng meaninga X

' in che p@h@ept of ualidicy. Accordlng to Brinberg and, McGrath validtty

¢
¢ may be vigéga'ae emppases on 'vnlue correspondence and

~ ] A

robuetneqs - These views of\yplidity not only attempt to capture and

l;st ogher descrgpcor;.oflvalidity but also’ provide chronological ' I
contexts for validit;. "Va;ue to Brinberg and ﬂcGratb is primarily a
prestudy (Ereactive) view; cér;ééﬁondence is int;ract(ve, during'the
atudy, and>.robuscngsa 15-5;1q1} a post‘s;udy (Rosticﬁ%ve) \iew of ‘

validity. Although this claasific9tion like all claésifications

oversmelifies the domain, Lt,is useful’for portraying in a fairly

- R . o . . ) o .

realistic way of eXpréésiﬁg conceen for validity gver the time span’
o, ) o SN

of a study.

Il. PreacfiveiVaLfdity , N : o

" Before scar;iggba~;?hdy judgeménts must be made concerning the\vﬁ ue
N \ ,ﬂ ! hs . . . } \..‘ s '.‘

) - .
of the research in substantive, methodological and conceptua

1

In the present s tudy Oalue judgemenCS were made as to what woqu

constitute a valfd research SCudy. From' a substantive point of view
»

a value laden decision was made to delimit the study to subject matter

displayed‘in chemistry cextbook discourse. A methodology was chosen
that could be of value co}teitbook authors and researchers glike;a

T a

rgseafch.and development'methodology. Stake'(1978) has pointed out

with reférence’to-éaéE,étudies that a research methodology should be

- bl

in ' epistemological harmony with the audience's experience. In the

currenc study the mﬁthddology valued is one that isApotencially

-
% ¢
1)

e »
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compacilble with the methodology of textbook writing. The éoncepcual démain

—_—

valued ;md selgcted was epistemology—theorigin and‘nacure c'>‘f krnowledge
presentmiinchémistrytextbooké.Themetajudgementchaémuscbemade1na
prestudy context is whether what the researcher values as a research process
aﬁd research product will also be valued by the relevant community of
acholar;. The research should, ;rla Kuhnian sense, fit into or add natufally
to existing research paradigms. (This 1s not to suggest that inquiry almed at

fundamentally altering existing paradigms should not be undertaken, merely

that most research in a field {s grounded {n existing work.)

Dawson (1979) has suggested that valld knowledge is taken to be
knowledge which is of value for a specific purpose. The purpose of. the

current research was to develop a taxonomic classification of kinds of

A

knowledge and ways of knowing found in school science textbooks. From
a prestudy value perspective, it would seem that a’taxonomj of
knowledge forms would be a valuable tool for this purpoée in either

context-research or development.
L

The conceptual analysis methodology employed in this study
requires a conscious and explicit preacttve stage of identifying
theoretical perspectives to ghide the development of the conceptual

framework. The decisions as to what theoretical perspectives to employ

and what kind of conceptual framework to develop emphasize what
. ‘ N\ - _ ’ Lo
Brinberg .and McGrath cgll "value". Although logical and consistent
arguments can be madg to justify these decisions, every decision from

selection of the substantive domain, to the methodology; and to the

- ——

conceptual dgmain is value-laden.
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\Xl Interactive Validity

+

Brinberg and McGrath'a "correspondence'" as validity in an interactive
. ]

\

study phase subsumes the Campbell and Stanley (1963) internal validity
category. Correspondence between two sets of things is the criterion
measure for this type of valfdity. During the course of a study the

forme of validity which are emphasized include comnstruct and

A

predictive validity.‘ln the present study the construct validity of
the taxonomy is constantly placed in doubt. The construction of the

taxonomy is tested each time {t-{s used. Each textbook sentence has

to fit one of the taxonomic categories. In a Popper sensd, anomalies
are being actively sought with the objective of falsifying the
~ construct. Lindesmith (1968) and Denzin (1970) describe the above

process as analytic induction, a résearch procedure for developing,

A
refining, and accumulating evidence {n support of a construct until no

-
L]

" negative examples can be found. In the present study a taxonomy of
L4

knowledge forms 1smc9ntinually tested against the selected textbook

discourse. When anomalies are found, the taxonomy is revised to dccept

the discourse.

In the interactive phase of this study a fairly continuous

application of judgemental criteria characterized'the methodology.
."Thorndike and Hagen §1961) list four attributes ofna criterion measure
Used tobestablisn thelvalidity of.a construct. First; the eriterlon
Jmeasure should be "relevant « Relevancy is usually determined by
professional judgement. In the present study there are several kinds

<.

of criterion measures employedfempirical, conceptual and social. Each
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<

of these criterion measures {s relevant to the ultimate'criterion—che

adequacy of the descriptionbof‘ textbook discourse. Perhaps Stake's term of
: s ‘ :

qgistemologicaiharmoqyorCrocker'sfunctionagparadigmaremoreadequate
terms:haﬁrelevancy.Epiacémologica;harmonyandfunccionaibaradigmare
éonceptgwhicﬁhelpmakethetermrelevancymdreexplicit,1.e.,"§elevaht
) A ' \
to what"? The case studies of Stake and the implemenration studies of Crocket
(1983) and Lantz and Kass (1987) $uggesc chéc,‘if a con;truct such as the STSC
Taxohomy' tsto be judgéd adequate vy Ceaéhers, curriculum develop'ers, and/ |
or researchers, then the desxcrip.cion‘mu‘st "fit" (to some degree) the |
exis:ingmodesofthoughtdfthesepeople.Théirresearchtllhsfracesthe
sociologicalaspectsofépistemology.Theneedf;rsocialacceptanceéf

knowledge by the fe'lev‘a‘n.c community of scholars can make change slow and

difficult.

Belevancy as sgch has a{vantages and limications. Bloom (1956)
ériéd té,overcome the‘limications 6£ relevancy b} makihé The Taxonomy
- of Educational Objectives "comprehensive". Comprehensiveness makes
’Bloom;s Taxonomy relev;nt to soﬁe deéree to nearly all Interest groups
or educational movements. A éimilar attempt at comp;ehenéivehess is
paderintaeveloping‘the STSC Taxonomy. The-five theoretical
pérséectives developed in‘thevpreactiqé stage of this st;dy area.used
to guide the creation of the twenty-two knowléage'forms in the |

o - . .

Lnte%accive stages of the study. This multi-pgrspéctive approach {is an

attempt to increase ‘the chances of epistemological harr'uony between

users and the taxonomy and to develop comprehensivenesswtn'the

‘taxonomy.
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The second necessary attribute of the interactive criteria

described by Thorndike- and hagan is "freedom from biased" Bloom
| ‘

attempted to overcome the problem of bias and value degements by
claiming t0'beAneutral by virtue of‘incluaiveness‘of‘all educational
orientations.yln the‘current study»freedomvfrom-bias translates into"
providing an4initial opportunity for ﬁibvide yariety of categories of .
knowledge to gathermempirical support during the classification of
Adiscouree. The researcher had to‘mentally and physically.keep the
,completeltaronomy in a frontal position when classifying‘each‘sentence
-pf textbooh discourse. Aa discussed in Chapter l, the researcher'
believes that everyone‘is 100 Zrbiased‘(Zukav, 1979), but'that one way
of making bias»acceptable is by increasing one‘a depth and breadth of
understanding. Each category of‘knonledge;established has toibe
underatood in depth, and there has to be a continuous openmindednees
and willness to change the taxonomy to create even greater breadth to

’

the taxonomy than exists currently.

The third characteristic of criterion meaSures listed after
rele:ancy and freedom from bias by Thorndike and Hagen is_
reliability".‘To be validx knowledge must be reliably obtained. In -«
‘the current study there are three categories of criteria—empirical
conceptpal and social—based. Reliability of the empirical criterion n
‘ relates to the reproductibility of the frequency counts of knowledge
‘forms’ found in’ categorized textbook discourse. Reliability of the

'conceptual criteria is an estimate of the stability and the

'consistency of applicatipn of these criteria (e.g., epistemology,

o
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simplicity, and aesthetics) to the structure of the taxonomy. In Chapter 4 a

consistent and s‘ystematic"applicati'on ‘of conceptual criteria {s outlined. -
. \ [
It is difficult to ascribe reliability to the social based criterion—che

social acceptability of the taxonomy. Thorndike and Hagen 1n 1961 probably -
' did not foresee Kuhnian influences on educational research There is in this
study an attempt to. recognize this social criterion by being conscious of the

attitudes of both the practical community and the research community.
]

v

The fourth Thorndike and Hagen characteristic of a criterion used :

in‘criterion—related validity is convenience and availability".‘ln
‘this study frequency tallies and percentage distributions of tallies
are convenient empirical criterion-measures. The conceptual criteria
are made public and available to any reader or any’researcher
interested in replication. The‘criteria, in this sense, are of the '
typelthat do,not'require sophisticated technoldgical‘devices or
processes. The methodology is more one of philosophical or conceptual

(
analysis than statistical analysis. A methodology was sought that

.would exhibit gpistemolcgical. harmony'with the releva‘nt

S

- audiences— scholars and teachers. The criterion measures chosen are
“both "convenient and available" to those research audiences..

i '/
0 * K

Construct validity srguments can be used to. ascertain the

'

, existence of substructure within a test or other instrument. Construct

A

validity is a k.ind of validity which was important to this study. A |

construct—an analytical framework in the form of,.a taxonomy-—is the
”v‘product of. this research study. The overriding purpose of t‘ne study

. . / ‘.’,
e is to construct,.through a series of eight reconstruction stages, a

e
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taxonomy of knowledge forms. The structure of the taxo‘n‘omy evolves\‘from a

-

complexcombinatimmofcriter(aderivedfromfivetheoretical‘I
perspectives. Empirical evidence fora.postulated factor (category)is not
'in itse’lf a deciding factor for eliminating or adding categories The |
empiricalevidenceworksindialecticwithconceptualcriteriafor,

'est‘ablishing the existence of a knowledge forms within a formad taxonomic *

" .structure. - ‘ REEE ' ' .
. . L . . L. ) .

13, Postactive | Validity

‘hrinberg and M'c(_;r_at'h_‘ (1982) " complete their view of validity by

d‘es‘cribing 'postactive validity measures ‘as robustness . Robustness

v

inclu%es ecological, population and explanatory validity. Campbell and
‘Stanley (1963) use the term external validity to subsume these forms
of postactive validity. External validity is concerned’ with the
generalizability of results. This is obviously an important class of
wvalidity, but due to the developmental emphasis of this study the
rvresearcher concentrated on internal validity. A similar situation
1vexisted for ecological validity. For example, can the taxonomic

classification developed here be” used successfully when the conditions

fare chdhged (i.e., in the new contexts of biology and physics “

‘t

——, 1’

Qtextbooks or eVen in chemistry classrbom discourse)’ Such questions of -

‘-"generalizability (1. e., ecological validity) are left for Eurther-

“"study. . e . ‘_"

PR

Just as predictions are made early and explanations are. made‘

’,later in a Study, predictive validity is a concern early in a study"

LY
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and explanatory validity {s a concern later. Explanatory validity is

N

f concerned with explaining bodies of daca. Interpretations are placed on the

data or the data are analyzed and a formal description arises. Definitions

may result. The data may be'organized into new‘constructs. In the classroom

© an explanation rather than a descript ion is obtained by a series of "Why?"

questions Thefinalchapter Chapter6 goesbeyonddescriptionof

textbookdiscoursetoconsiderationofsecondandthirdorderconstructs

:that approach an explanatory mode of validity.. S

- . N

Anotherfpostactive, extéernal validity'determination forlthe

1

. current workpis.content‘validity. Although in the‘present study‘

: R e : -
content validity is concomitant with construct validity considerations

in the interactive stages, content and construct validity are

externally established in a postactive stage. Authorities were

e
<y

employed to judge the representativeness of the knowledge forms found

in each STSCP curriculum’ emphasis. Each- expert was given one or two /

'-emphases with its two to seven knowledge~forms to judge for

completeness of representation. Examples of textbook discourse were '

included as part of the definitions of each category of knowledge. The

experts.judged the content of each emphasis for completeness relative'

‘to their own experience and background knowledge. The researcher .
conferred with the judges after thefr evaluation. The results of this
‘“validation were used to revise the content or examples to’ establish

‘}a#mutuallykacceptable taxonomy of knowledge forms. :

In summary, concern for validity is central to the study..

| Empirical conceptual and social criteria were used in preactive,

w106

'
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interactlveandpostactivecontexts.Triangulation(Demain 1970; Dawson,
‘1979) is attempted’ by gathering validation data from a variety of sources. A
‘ multiplicity of techniques is employed to ensure the validity of the

questionaasked(W) theproceduresused(KW) andtheanswersobtained(K)Q y

Last but not least valid interpretation§ are sought. ‘

- J. Chapter Summary I |

t‘The literature considered was orvanized around the chronological
stagé% of the study and the conceptual analysis methodology used in
the study. The complexity of the literature review like the study,

s somewhat alleviated by the use of conceptual analysis and the

ide tification of five theoretical perspectives. Literature on the

fiyq uiding perspectives—curriculum emphases, ‘normative perspectives,

lepistemology, STS science education, and practical inquiry—was

A

reviewed and related to one another. Since the analytical framework

created in this conceptual analysis of textbook discourse is a

'taxonomy,lselected literature on taxonomic frameworks was rev1ewed

o
"

along with the literature on content analysis of curricular concepts. . )

ln general there is a considerable amount of literature on, each

‘,of the five individual theoretical perspectives. However, there was nog

_literature found that revealed attempts at . integrating a wide range of

La

uuperspectives to; classify textbook discourse. The closest literature

‘;¢found on. this topic was that of the STS science educators. In "

s -
1

"“upractice, the statements, research and curriculum outlines of STS

;ﬁ7ﬂ:educators have often referred to the individual elements of'the STSC ?ﬁw”.:if

; A L.
: +




Ta)gonomy of Clurri‘c;xiar Dl'scogrse » but hav‘e"‘noc‘ been‘ ye‘i.s“specift‘c.a‘nd‘/o:
comprghensi\;e' as reqlxi red wit“hi"'n thé‘cu’r'rent, w\brl‘c.’The éombingti‘on of ot
pufpos;, méthlodoloéy, and prp@uct i;\ th‘e; cux%re;it; s‘tudylsg‘e’ems‘a nac‘u‘z;al‘,‘
althoug‘h".f‘ai‘r‘ly urix‘iqtie,‘bu'tdpthe.bf the chrf‘gnf sta;:e_'of ‘scvil!fa‘n.ce édu?:acion.
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‘_overview of the research design and procedures for the study. However,‘

\\_ . "‘ ‘ o P
Chapter 3: Design and Procedures

A.”Intrpducéipp : o . o .
‘ Lo Lo o S

The purpose of this chapter of the research report is to provide an

\

P

due to the nature of the research the specific criteria‘for decision

I3

making are presented in context in Chapter 4 Chapter 4 provides a

chronological history of the evolution of The STSC’ Taxonomy through

‘the’ first 'seven stages of the study. The complexity of The STSC

al

Taxonomy (i.e., with criteria from five theoretical perspectives)

requires a lengthy description. Since The STSC Taxonomy was the major '

'.result of the study, a description of the development and evaluation

s'of the taxonomy is provided as a separate chapter, Chapter 5. In this

.current chapter the general research design and’ procedures are

M

presented. In Chapter*ﬂ the specific details of the development of The_

Ve

STSC Taxonomy in stages 1 7 -are presented. In Chapter 5 the "final“

, form of The STSC Ta\ononwbis described and presented including the

results from Stages 8 and 9 of the study.,; ;"“*,' E ‘r¢jf v

A 3 l-‘

The nine stages of the. study started with the development of the

Linitial draft of the taxonomy in Stage 1 proceeded through the

i L0

'j;evaluation of the evolving taxonomy by classifying six units of

' o

‘t}chemistry textbook discourse in Stages 2-7 and finished with the |

;writing of“two examples for each of the sixty-six categories, an

‘iirexternal evaluation by judges, and a "final"‘revision of The STSC X

K R, q,\

vr;}'Taxonomy in Stages 8 and 9. A description of the specific procedures e
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‘ Table 3. l ‘ ‘ - ‘ o
The Stages of the Study R , .
Stage Purpbee‘ L , Text" Unit . Content:
1 Identify theoretical perspeccives ~ » e f‘ﬁ‘ ,
~ Draft first taxonomy . - o
2 Test. Draft 1 . ALCHEM  1L-1982 Energy
' Revise Draft 1 Lo ' | “ o
3 Test Draft 2 . ALCHEM L-1975 . Energy .
.. Revise Draft 2" o : ‘ ' S
4 Test Draft.3 STSC - A . Elements , .-
Revise Draft 3 : ' : Co e '
- 5. ' Test Draft 4 IR ‘  STSC B - . Compounds
: Revise Drafc 4 . . ‘ ‘ S . ‘ ‘ ‘
6 Test Draft 5 B o STSC : ¢ . Reactiodg";gmqé
‘Revise Draﬁt 5., S IR : IR of
7 Test Draft .6 .. .sts¢ D  “stolchi~
‘Revise Draft 6 I R : ometry
8. ‘Write formal rules and definitions
Write statements for each category ‘ el
9 . Prepare evaluat1on 1nstruments
- Administer external evaluation
Revise Draft 6 of the caxonomy
X “Incervening scages of praccical classroom and author work.A
i g' :,?#*752‘ o




,andevaluationcriteriaispresentedinthischapter,whilethespecific”
. !

“applicationsarereportedinChapterA

I

The general design of the study was one of conceptual analysis.

‘The major stages of conceptual analysis as described by Mahung (l980)

are 1. the identification and deecription of theoreticalgperspectives

!

(or systematic conceptualization) used to guide the formation of an

K analytical framework 2. the development and evaluation of the

Ky

Panalytical framework, and 3. the pplication of the analytical

"framework. In the current study only the first two stages of

conceptual analysis were completed. The main purpose of .the study was '

1

‘to develop an analytical framework (i e., The STSC Taxonomy) The

application of the framewq[_;was only for purposes of developing and

. ;
;evaluating the: taxonomy. The chronology of the study involved the nine

stage development and evaluation of a taxonomy to classify knowledge

forms and curriculum emphases found ig the discourse of chemistry
‘ textbooks.‘g‘ ' '

The early stages of this study accomplished the goal of the first

'stage of conceptual analysis the identification of guiding theoretical

,‘rgerspectiVe . The entire nine stages of the study focussed on the

'\

'wfsecond stage of conceptual analysis—the development and evaluation or

ﬁ7[an analytical framework (i.e., The STSC Taxonomy). Stage 1 involved

':v“the identication of the guiding theoretical perspectives and the S

+

f conceptualization of the initial draft of The STSC Taxonomy. Stages 2

7fthrough 7 involved the continual evaluation and revision.of The STSC

. oo
Lot .

':j Taxonomy based upon criteriaxdeveIOped from the five diffetent ;'

«,,’ ' "4,' R : ' ‘




‘ theoretical,perspectives identlfied in Scage l. During each.of the Stages 2
2,

through 7,a unit (chapter) of discoursé from a chemistry textbook was

- classified sentence by sentence using the then current version of the

o that initialized the study is provided in Appendix A.;‘

taxonomy. ’I‘he eighth stage of the study saw the writing of definicions and

¢,

examples for each of the sixty—s ix categories in the taxonomy ’l‘he last stage

Twinvolved the evaluation of the definitions and examples from Stage 8 by v
‘ external evaluators The final ‘form of the analytical framework (The STS(,

.

‘ Taxonomy) resulted from this nine stage conceptual analysis of chemistry

‘ textbook‘.discou rse.

B. Stage 1 Procediires ' ‘ ‘ g . o,

'
‘

"Stage 1 of tlhe' study ‘Ainvolved the creation of the 'initial «tako‘no“my‘ of

knowledge forms believed to exist {n ‘chemis‘try education discourse, -

"
)

and the identification of ‘the inirial set of theor‘etical‘_persp‘ect:iv‘es
to, gulde, the development and ‘ev‘aluation‘ of the taxonomy. The first set ‘

\

-

"~ of Rnowledge-‘ forms,.appeared. in ‘a :paper written and presented by ‘the

researcher as a plenary session at the International Conference for
. . Ma

Chemistry Education at " the University of Maryland in 1981.K This set

of knowledge forms was derived from the researcher 8 reading and

| )
’ .

experience_ ‘1n -the field o.f‘Science education.‘ Thls initial taxonomy

served as Draft I of an analytical framework for” classifying chemistry

\
W ' . )

. textbook discourse in Stage 2 of the study.-T‘ne Specific deta:lls of

"the initial taxonomy are provided in Chapter 4. The Maryland paper .

. o N RSN
o . : i o w . D !

IR

o B ST
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A

TneidenCificationofthetheoreticalperspectives(orsystematic

concegtualizations)wasalsoinitfatedduringStagel Thefullimpactof

tnefivetheoretlcalperspecti;esusedIKJdevelopandevaluatethetaxonomy
wésnocfeltuntilafterthefirstcoupleoftrialSatclassityingtextbook
discourserTheidentlficationofreleuantguidingpersnectives;ndtheir

concomitantcriteriaforjudgingthesuccessivetaxonomiesoccurredovera

nerimioftime-primarilyduringStages1~3.

' The brimary ways offknoying employed in developing the initial
< o |

taxonmomy were empirical and referenced. The researcher had been

.exooeed to a wide range of views on science education as a result of

‘being fnvolved in the ALCHEM Chemistry Education Project. In the eight

li
(

year period previous to the development of The initial taxonomy, Che
B :

" researcher had travelled to conferences in nine of the ten provinces

in' Canada. The researcher had also presented many inservices within
—_— ' . N

the province of Alberta. The {dea of a broader science education for
students was the primary message which was being sold by the

researcher. This experience had a two fold effect on the taxonomy

developed during Stage i of this study. Similar to the reports of the
S
evolution”of~Bloon's Taxonomy (1956), the researcher had to evaluate
- .
the {nternal consistency (including logical fallacies) of the personal‘
tn - .

presentations b%ﬁng made, as well as, evaluate the presentations

£ %

'agaiust external standards. The science educatérs who attended the

presentations often argued for alternative or additional perspectLves
on science curriculum and instruction. ‘1t was from this ‘background

that the creatiou of a pluralistic taxonomy of science education

-

113
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A

knowledge forhs had {ts beginnings. | ;T
. _ ~
The {nternal and external evaluation criteria were also
established and applied as a result of reading the current literature
and being finvolved with colleagues who were interpreting this
literature. The {nternal consistepncy of arguments from each singular
science education perspective was found to be sound. This was to be

‘ ‘ RN
expected from established literatire in the field. Any logical

. fallacies should have been discovered by the community of science

educatjion scholars prior to this research st .rting. A primary task of

‘the researcher during Stage 1 was to become aware of the arguments

used by the proponents of "each perspective. The major task durihg the
rest of the study was to establish a logically defensible multi-

A

perspective view of science education.

The déncepts of contexts, normative perspectivgs, epistemological
approachés and curriculum emphases were aIi usefully infertwined for
pu;poses of creating the classificatién system. However, the qongepts
are distinct‘from'one another. Context was used to Fefer to the_‘ N

situation or location within which textbook discours¢ was set. The

context could be the school laboratory, the sciencé or engineering

. research laborétofy, hundreds of consumer, commercial and industrial

\

applications, poL}ficaI debates” or discussions of comminicatton 'or

pedagogic standards. The contexts for the presentation of chemistry

‘textbook discourse are unlimited. The identification of contexts is

necessary to use the classificétion syste@ developed in this study.

However, the context can be very narrow or very broad and, therefore,

T
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' ’
context as a term cannot be used to represent a group of knowledge components

suchaescieﬁceorcechnology.Forthisreaéonthetermcurriculumemphases
’(Roberts, 1982) has been used in this study:to nest component knowledge
forms. It was and is not intended that the use of the term curriculum emphases

be restricted to those emphases uncovered in this study.

The‘uee of the terms normative perspectives, epistemological
approaches, and epistemologiéal'preferences has been previously
explorea c;nceptually by sciencereducators. In the current scudy}a
test is 6ade of the use of epistemological apéroaéh as a conceptual
organizer of normative knqwledge forms 1in chemi;tr* textbook |
d%scourse. Linkagés among é#istemology, ;urriculum embhaées and

normative knowledge forms were sought through the analysis of

_curricular discourse in chemistry textbooks. The use of a multi-

perspective approach to cla‘ssifying curticular discourse produced some '

unexpeéted ‘results in this study.

-~

'C. Stage 2-7 Procedures

t

Stages 2-7 involved the evaluation of the then current taxonomy by

‘using the taxonomy to'classify cﬁemistry(nextbook discourse. 1f-the—

discourse could not be classified, the taxonomy was févi’sed. The

details and results of this process are presented below and in Chapter -

4. The first task in Stagé 2 was the selection of the chemistry

_textbook discourse to be classified. The decision was made to classify

T A

the 1982 and 1975 editions of the Grade 12 ALCHEM Energy units—33 and

_ 47 pages of dli,scoursg‘, resp_ec’tively.. This clasgification would be
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followed by the‘classification of discourse in'the 1984Aedition of the Crade
lOSTSCChemistrylOtextbook.Thereasonsfortheseqho;cesarepresented
below. :
\\\ )
The researcher was the ALCHEM Project Director, was one of the

Y

n

ALCHEM Qs_ho , and Qas a teacher of the‘ALCHEM materials. As a result‘
of this‘experience,‘tne Graoe 12 Energy unit was chosen from.among all
of the ALCHEM units fol classification. The researcher felt that the
Energy unit was,appropr‘ate because of 1ts mix of empirical‘and‘

theoretical content, science-in-society context, and technological
[}

applications of chemical Knowledge. These seiection criteria came from

n

, \ ‘
a combination of theoretical perspectives. The Energy unit could be
N -
)

A ' '
.presented in the classroom from a variety of curriculum emphases.

\

Therefore, 4 variety of curriculum empnaSES would need to e described.
by the ta;onony oeing developéd and.eValuated. The Energy unit had *
also caused teaching and‘learnipg difficulties for many years. The
suspicion that the researcher h;ﬁ was that the mix ofveﬁpirical and

theoreticai knowledge (e.g., fact)\and theory) was presented 1n‘a

confusing manner. Frow .a practical perspective, the researcher, as
i, f

n a detailed'description of 'the

‘author and teacher, was interested

.
N

Energy unit. It was thought that an analysis of this description night

lead to a more effective writing of the Energy unit in the new

. v o o .
textbook being written. From a research perspective, the decision to

describe the 1982 and 1975 ALCHEM 30 Ener: units was based on.the

.

expectation that these stages (i.e., Sta es 2 and 3) were necessary

" to gevelop the taxonomy to a point where t could be mor ‘extensiyely“‘
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»tested by the éTSC Chesnistry material. . .
JTo deséribe the knowledge forms in theVSTSC Chemistry 10 textbook

was coneidered“a major test for the taxonomv. The objectiVes and'goals

of the STSC'Che.istrv Project were similar to the objectives and goals“

oﬁ this'research. lhe Project and the-research were seeking‘to

integrate a pluralistic view of science edwcation into a textbook and

a taxonomy,'respectively; ot coincidental was the fact that the

vresearcher"was one of the authors of the‘STSC‘Che-istry materials;
A dialectic relationship between the research and the STSC
t'Che-istry Project was sought. It was‘believed that there vere many:
‘mutual benefits that ‘could be derived from this relationship. The
‘iﬂkense dnd extensive debates amonglthe seven authors of the STSC
‘Gheniétry Project were expected to help evaluate the taxonomy i both
| an internal and an external sense. Besides being able to argue the
bloéical consistency of the STSC content, the teacher-authors were able
to evaluate these constructs in classroom situations.-This feedback
ﬂtfc ALCHEM and. STSC Chenistry authors indirectly and directly
.'yass::::j.the evolut\on Of‘the taxﬁﬁoﬁ?—developed'in‘this resea{ch.
Likewise; the STSC Chenistry Project benefitted from the .
"relationship with .this - research..The descripgion of the STSC Chemistry
‘10 textbook was provided to the author group. The authors were able
_to use the taxonomic description to’ evaluate and evolve the STSC

.

'Chenistty 10 materials. Concurrently, the researcher was ableﬁto use Nf'

: -‘ P

the taxonomic description to evaluate and evolve the STSC Taxonomy. o :
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'D. Procedures for Using‘the STSC Taxonoty
The‘preCedures forxusing the STSé’Taxonomy evolved\quickly»during
.‘Stage 2—the description of the ALCHEM 30 1982 Energy unit. Some of
!this Energydunit had to be reclassified.as a.result‘of changes in
elassification rules and categories. The introduction of new *
ﬁcategories at other stages resulted'in similar action within that
Fparticular‘stage. Changes in classification rules and categories did -
not result\in the reclassification of previously completed units. The
purpose of the study‘was to develop and evaluate a taxonomy that could
g accurately‘describe textual discourse, but not necessarily accurately
describe discourse classified by an earlier draft of the taxonomy. A
full description of the‘evolution of the STSC Taxonomy is providedv
‘-along with criteria for the changes, in Chapter 4. Only the general
\procedures and criteria for analysis are presented in this chapter.
The reader will need to,reference‘the STSC'TaXonomy matrix presented '
at the front of the thesis for a- translation of the symbols used in
this chapter (e.g., "K The w" translates literally to knowledge of a |
theoretical way of knowing and refers to using a theory as Erocedura

.

knowledge to produce resultant knowledge) ) ﬂ', oy

Dl. Rules for Using the‘Taxonomy‘

The following rules for using the STSC Taxonomy were developed from Co
“experience and experiment and continue to evolve as . the experience

,broadens. General empirical rules to be followed when using the

.lclassification scheme have been listed below. These tules could be-,‘
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changedwithoutaffectingtheSTSCTaxonomyitself—therulesmainlytryto
. - establish a'consistent use of the taxonomy. Examples of classified’

,discourseappearlaterinthisseCtionoftheresearchreport. '(
R ' ‘ S o ‘ ‘\‘» ‘
l. Each sentence is be classified at least ofice. Classifying sentence
- fragments results in classifying some sentences into two of more
categories.

2. No mast-heads; headings; ortfooters are classified. .

3. Each line of a:table of given knowledge, including the heading,
is claSsified up to a’ maximum of five entries beyond the heading.

If the table requires student input, each line of a table {is

'
)

s classified in totality.
4. A'large.number of‘simple examples_is classified onlybup to a
maximum,oflfiVe.f L :
The‘rules.other than,the first one above are arbitrary and could
1be changed without much effect on’ the description of discourse
ﬂ‘received by using the taxonomy. However, the nature of the full STSC
Taxonomy requires that the first rule be followed—classify each
. . \0, .
Lo sentence at least once. The specificity of the full taxonomy requires
;fa small unit of discourse for analysis. 1if, however, the taxonomy is

/"'

ft-‘collapsed from twenty-two knowledge form categories to the S
h'five—STSCP—curriculum emphases, larger units of discoutse may be ;ﬁff"
K classiﬁied (e.g., paragraphs, pages or’ even chapters of textual

'}j material). The purpose for using the taxonomy should dictate the unit

.‘, ‘\

;t of classification. In this research project the sentence or sentence yﬂ

. '
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fragment is deemed appropriate‘Experiencewithinthisresearchstudy
‘indicatesthatthesearchforkindsofkhowledgewith‘ntextualdiscourse
“requirmaasmallunitforclassification.Thekindofknowledgeoften.

: changes within a single sentence or procedural knowledge is presented in

thesemesenten@Zwithproduced(resultant)knowledge.Examplesare

.provided later in this section.
| . ' } . ' .
' ‘% illustrated in the symbols table and in Figure 6. 17 at the end of

the thesis, the STSC Taxonomy is three dimensional including:

1. an STSCP curriculum emphases (e.g., science, technology, society,

communication and pedagogy) dimension

2. a knowledge form (e. g., theoretical, empirical process, and .

epistemology) dimension that varies from one STSCP curriculum‘

A

emphasis,to anotherv
"3.0 a K*Kw—w'epistemologiCal-triad‘(kinds of knowledge,;knowledge‘of,'
ways of knowing,«and ways of knowing) dimension that is prevalent

throughout.f

Knowledge forms are nested within curriculum emphases, and

L

' epistemological triad is nested within each knowledge form. Following
' A ’

’

t, 'is*a description of how ‘each of -the dimensions listed above should be

'

'used for classifying curricular discourse. A major sectioh with

LN

- examples follows this section.“
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.D2. TheﬁSTSCP Emphases Dimension'
'The STSCP dimension includes'science, technology, society,

' COmmnnication,;and'pedagogy emphases.‘As this'study evolved the

creation of five curriculum emphases on general classes of knowledge
. P rA ,
‘.and ways of knowing seemed to work best in classifying textbook talk.

When classifying textual statements the STSCP emphasis must be

‘classified first before deciding on the knowledge form subcategory.

‘See the STSC Taxonomy on the symbols page and the examples which

follow in the next sequence of pages. Presented below are the general

\

initial definitions of the STSCP emphases.\More specific definitions
,evolved during the study. The taxonomic subcategories are eventually
used‘tO‘define‘each curriculum'emphasis.‘

- . v “ N . . . .
1. The science (Sci) emphases includes produced knowledge (resultant.

iknowledge, K) about the natural world as gathered by scientists,
s students and laymen. Wa‘F of“knowing (required action W) and .
<‘}; ::knowledge of these ways of knowing (procedural knowledge, KW) aret
‘halso included in the science category as. in all STSCP categories. ¥
{:iln the STSC Taxonomy the definition of science is restricted‘to

k‘\the study of natural phenomena and the scientific principles usednkf:-“

:fto explain the workings of a technological device (e.g., the‘

jion of planets and artificial satellites).,‘ ygfgfr'
'fVZ.gtThe technology (Tec) emphasis includes the knowledge and study ofh~

':.{.;lfﬁmanufactured products, processes and skills. This category

iincludes technological process skills and technological problem

kfiksolving (e.g., operating a balance and manipulating reaction f{lffij"'”




' ‘ratesy respectively).
o
1 \

‘ .‘3.“The society (Soc) emphasis includes the knowledge and study of

o ‘social interaction of. human beings concerning issues of science,

technology and - society. lhe society category is restricted to

knowledge and ,8tudy relating science, technology and society (STS)

issues‘(e:g., acid‘rain and‘tokic waste disposal). .

‘-Ar lhehcommunicatioh (Com) emphesis‘ishrestricted'to’including the
‘knowledge and study of scientific and technological communication
’.as practiced by scientié‘b, engineers and tecbnicians.

. Communication systems used by scientists and engineers are

‘ classified into this category (e g., IUPAC and SI systems)

5.< The pedagogy (Ped) emphasis is restricted to the pedagogical
| statements made in science—education difcourse. This category also
includes certain knowledge forms that can best be described as
pedagogic rather than scientific or technological (e g., memorized

‘or referenced knowledge)

'dfl-The STSCP emphases .were not created until Phase 4 of the study—the

fstart of the analysis of the STSC Chenistry materials..The procedure

)

ﬂ’.prior to that was to classif%rthe knowledge form directly, without

‘thought of curricular emphases.‘The history of the creation of the
hcutriculum emphases, and Ehe criteria for such creations,lare

JE presented in Chapter 4. .

LI S v -

Vo :

ey
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A 'fQ dimensions of the taxonomy. For example, the sixty—six category

'employed were theoretical, empirlcal, scientific process and

D3. The KnowledgeéForm Dimension

1
El
LY

L1123

The knowledge form categories vary among STSCP emphgges, although an

epistemology knowledge form is’ included in every cué&iculum emphasis

category. In the science emphasis, the knowledge form categories

-
-~
. ]

epistemological. The empirical process and epistemology categories
are carried over into the emphasis. called technology but not into \

' . " «
)

other emphases. Perhaps later work on the STSC Taxonomy may see ‘a ,'jf‘J g

§

greater carry~over df the knowledge form categories into all STSCP
emphases. Each knowledge form category is defined and six examples for

each are given in Chapter 4, Familiarity with these definitions and

. examples is necessary to ! the use of the STSC Taxonomy for classifying

1

curricular discourses. Procedurally, the particular kind’ of knowledge

can be determined by reflecting on. the way of knowing that was-"

employed in originally getting that kind of knowledge, and in some

(' \
cases,'lodking at who obtained the knowledge.

|
he

DA. The Hay of Knowing Triad Dimension - J "“f; ‘ } "”q'g;‘

lhe way of knowing triad dimension has been found by this empirical

PO

‘;¢ }study to have three components—kinds of knowledge (K) knowledge of a

way of knowing (Kw), and way of knowing (W). The way of knowing triad

may also be called the K—xw-w triad or the epistemological criad. This ‘,,':h

Bt . .

S

dimension of the taxonomy may be classified independently of the other ifi

taxonomy could be collapsed to a three category taxonomy—K, Kw and wdﬂ j“f-
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L. he knowledge, K, subcategory is resultant knowledge presented to

‘

students by the authors of the written materials. The knowledge ‘

+ has beenvproduced by someone else andithen presented in textbook

‘ L : [
T discourse.

2. The knowledge of a way of knowing, Kw, subcategory includes "

p;ocedural knowledgegpresented to people concerning how to use a

i

“particular way of knowing. This Erocedura (or methodological)
'knowledge should be very specific and should allow the person to

4

;then adopt that way‘of knowing.

3. The way of knowing,‘w;'subcategory is usualiy a question, problem ' . .

'.‘or‘action’required of people. This cdtegory requires action from.

' .the student; €.g., homework and laboratory work.

The K-KW~W way of knowing tgiad is used to classify every
‘sentence or sentence fragment. Sometimes sentences will include Kw— j
and KW-W combinations. Examples are provided ‘over the next few pages.

f‘and in Chapter 5.

;' D5, Using the SISC Taxonomy .. . , '

’

”;};Usingfthefaboyefrules and-defin the classification of | each

f
o

rsentence or sentence fragment was completed in the margin of the

"textbook using a. set of codes. The codes were standardized to ‘*;Q.,"'

”frepresent the th':e dimensions of the classification system. Where'.
@similar codes were‘used within the same or different curriculum

“temphases, subscripts were used to. differentiate the classes. The t

co
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‘ ‘symbols for the complete set of sixty—six categories from the 22 x3
taxonomic matrix are presented in the Symbols Table. The coding is«
“translated and interpreted below. The translations do not define the

‘categories—complete definitions and examples for the sixty-—six categories

are provided in Chapter 5. As the STSC Taxonomy is used a memorized way of
knowing the categories and symbols rapidly takes over from a referenced way

of knowing. Refer to the Symbols Table as you read tbe translations below.

) T
‘Emp Kg - emp'irical Enowled‘g‘e‘gained from Experi'ence ot sci'-e‘ntific Lo
: expe’r"iments ¢ SN ‘
- . f “‘ ’ ‘..

. Emp KL - pirical knowledge gained from scientific generalizations or

l aws

Emp Kt - empirical Enowledge ‘gained' within a _t_echnolozgical conteat '

Reference to the summsry of the taxonomy in the Symbols Table

indicates that of the three empirical knowledge forms, the first two .

categories are part of an emphasis on science and one is part of a:

13

| technology emphasis. Usually subscripts refer to the Curriculum '

',', . . I

:'emphasis-science (S), technology ('l‘), society (SS), communication (C),

1y

“por pedagogy (P). For example, the epistemological knowledge form is

':."the only one that repeats through all five curriculum emphases. The
*,symbols used and their translation are’ provided below.f" SR o

Epi WS -, an '_B_Stemological way of knowing required of people within

el

g Coian science emphasis ST SR ', LT e

Epi"W-r - an 2 stemological way of knowing required of people within

f

a technology emphasis
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L
N

Epi Ygg - an ep sremological way of knowing required of people within

a science—in—society emphasis

'Epi We —h‘an ep stemological way of knowing required‘of people within

a. communication emphasis

o EpiiWp ~ an ep stemological way of knowing required of people within

la pedagogy emphasis

. 'g‘:, j5 ThenK—KW—w triad in the STSCiTaxonomy was coded during

classification of discourse by using the format K for.the Kind of

L33 *

. knowledge, KW for knowledge of .8 way of knowing, and W for a way of’
knowing. Examples of the symbols and their translation are provided

below.,'\

re

of knowing and given”in a teitbook = 5 _
f ; . , , ' ) :’_ i q’“\/’ “ ' « ) N : '
o KiPro,WT - given‘procedural Enowledge about‘a-technological Erocess

- Ped WR --‘a pedagogically referenced way of knowing required of a

N

person by a question in a textbook (i.e., the answer has

- to be referenced somewhere)

<

U51ng this type of coding system,‘each 'sentence or segment thereof was

v NE

‘1‘than one class per sentence or question. Most of these double 74E
,classifications involved procedural knowledge (i.e., Kw) followed by

"resultant knowledge (i e., K) or a question (i e., W). The two codes

g?"- ‘are. separated by a slash as illustrated below.;

S/ . N a . . . L R . i .
' '-.‘ o H I ‘ ' - N i . . N . . B ' ! ! . v
[ . L i o \ . .- i - .
. ot . L s el ’ ST e . . . - . . s,

T s . - C . ’ T " S . .

i - ' . I . L. ' DR

" . . P o .

\

. Pro Kg‘+i résultant knowledge produced‘from a sq%entifiC'proceSS‘way .

‘classified in the margin of the textbook..In many cases there was moregvu?‘
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(1)His K/Nat K/ (1)In 1864, John Newlands (1838-1908), an English.’

Emp K, chemist, arranged the elements in incpeasing order
(2)Emp K, " ' of atomic 'masses. (2)Newland noted that various

T ‘ properties repeated themselves with every eighth
(3)Com K element. (3)This is the first example of a periodic
(4)Emp Ky, + law. (4)When elements are arranged in order of

, increasing atomic mass, chemical properties repeat
(5)?/ComK/Epi Ko themselves at regular 4intervals. (5)Unfortunately,
' Newlands referred to this observation as the Law of
‘ Octaves—an analogy, to the octave scale in music.
(6)KEpi Wg/Epi Kg (6)Since chere is no logical connection between
. music and chemistry, Newlands was ridiculed by many:
- of his peccs and his periodic law was not ,accepted

by the scientific community.

‘In the paragraph of cextual discourse classified above the
seneencee‘have been numbered foe ;eference. Sentence 1 presents two
pieceés of historical knowledge, hIn!lé6d" enq "(183871908);, which are
coded”once‘as His K. Since the teo pleces of knowledge are related,

- } .
only one coding foriﬂis K i{s made in the margin. Sentence | also
presente two pieces of national knowledgev"John Newlands" and "an
Englisﬁ Chemist". Personel names and an indication of nationality are
typical‘examples of whee is coded as Nat“k. Sentence 2 presents a |
regularity or generelizacion noted by Newlands. This sentence presents
empirical,knowledge in the'form of a’generaliZation and is lherefore
..coded.as Emp Kﬂ. Senteﬂce 3 1s'communlcationai kno&ledge (Com K) by
'giviog a name to.the reletionship‘presented earlier—the periodie law,
Sentence 4 is a formal presentation of a periodic law—an e __Eirical law
(Emp KL). Sentence 5 begins with' the word "Unfortunately” which is )
' difficult by Anference to place in the taxonomy and is therefore coded
as "7", Naming the-obsetvation."The Law of Octaves" is best coded as

communicational knowledge (Com K)o The phrase 'an analogy to the

octave ﬁcale ﬂ? music" 1n Sencence 5 is classified as epistemological
s ,

A U
o
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knowledge(Epi KC)irxacommunicatlonemphasisbecauseof theword

analogy .Scudencshadlearnedearllertha:sciencificknowledgecanbe

.
\ "

communicated by analogies., ' .

Within the context of what the students had learned, the

reference to an analogy was knowledge resulting from an'l

‘:episcemological way of knowing about coﬁmunication.'The:claésificaclon

of chis‘phfase illustrates tteé need for knowing or inferring the

N o _ .
context for the presentation of the discourse. As is .the case for

P

using Bloom's Taxonomy of Educational Objectives, the context is
ldferred first from tde previous textual discourse and‘secondly,“and
‘only as a last resort;'froo-woat'scudente might have learned ddfihgl

' past educational experiences. Thie problem udcovers both a.weekness

and a ecrengtﬁ in the use of the tdkonomy; If the previous educational’
experiences have to be 1nfecred from outside the textual dtscoufee,” 'L
‘then maybe the textual dlscoufse should be revised to refer students
vto the past experiences or past discourse in the cextbqpk‘(e.g., via

\

parenthetic or margin notes).

-

N

Sentence: 6 id the above paragraph of textbook discourse is coded
‘as K Epi Wg/Epi Kg to reflect the procedural knowledge (K Epi WS) plus.
'resultent knowledge (Epi Kg) content. The first .phrase, "Slnce there.
is no logicel connection betweeh nusic end cﬁemistcy;?jpcesentslche

epistemological procedural knowledge (K Epi Ws)ftﬁat'logical

connection is 'a criterion of judgement for accepting knowledge. The

knowledge that Newland "was ridiculed" and his "law not accepted" is

resultant’knowledge (Epi Ks) from taking an - epistemological view of
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thesituation;
f I ". : -. ' '. - ““.‘ N ’
That theré might be a different coding of a particular sentence
. or phrase does\notlreflect’too adversely on the taxonomy. If two [ f
\

people were to argue the claSsification of the discourse one way or
. ‘

the other. then this lends support to the existence of both knowledge
forms for which they are arguing. If a strong conceptual argument for
a'knowledge form that‘did,not currently”exist in-the‘taxonomy‘was y

’ made, then a new knowledge form wmay have to be created and

, : : " .. . ‘ . -
subsequently tested empirically against textual discourse. The process '

is open-ended and never ending.

In summary, curricular discourse was elassified using a takonomy
which was continuallyodeveloped and'evaluated during the | |
classification of six chapters >f textual discourse.'Each‘sentence or
fragment was clasaified using a unique communication system. Several‘
pages of the original‘classified discourse are presented in Appendix
D. Curriculum emphases followed by‘neated knowledge forms followed by
a’ nested K-KW—W triad‘were classified in turn for each tentual '

statement encountered. The tallies were used as evidence for the .

existence of each category in the taxonomy.

: R R B

TE.-¢riteria’and ProCedures for Revising the‘Taxonomy'

In Chapter 4 there is a complete history of the changes made in ‘the ;,
o STSC Taxonomy duting Stages 1-7 of the study. Each change made in thev;
jtaxonomy is documented individually. The criteria for making the .

’ changes were derived from the five theoretical perspectives used to

-
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guide the conceptual analysis of the textbook.discourse. The five
theoretical perspectives used were 1. curriculum emphases‘ '2‘. (ﬂrmative

" perspectives, 3. epistemology,h STSscienceeducation andS. practical
inquiry.TheseperspectivesaredescribedinChapterZ Thecriteriafor
vrevisingthetaxonomythatwerederivedfromthefiveperspectivesare

listed below.

1. From a curriculum emphases perspective;‘an‘internalilogic‘within
‘ emphases and,lif‘possible,pa parallel structure betweenﬂemphases

was sought. For example; the science curriculum emphasis has an
‘internal.logic that links.theoretical knowledge, two kinds of
empirical’knowledge, two kinds of theoretical—empirical knowledge
combinations,tand epistemological knowledge. Knowledge forms were
then created within the technology emphasis to patallel the
‘knowledge forms in the- science emphasis. Internal logic and

| parallel structure fo_,gurriculum emphases were criteria used to

evaluate the taxonomy at each stage development..

V

2. From an. epistemological perspective,,the justification for the

; creation of curriculum emphases (i.e.,‘the five STSCP emphases) ‘

N '
-

‘lwas the discovery of epistemological content for such a, curriculum‘ L'

: ,emphasis. For example, the communication emphasis 13 unique to the

| STSC Taxonomy; and was justified on the basis of discovered
’epistemological content in textbook discourse. The epistemological
content concerned the way in which communication systems come to T

-

.be accepted by the scientific community.: RN
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~
. ! .

vFrl‘om an epistemological.'perspective, an ‘epist_emological triad was a
. necessary criterion for the estahlis’h’ment of a knowledge form. For

example 'some'knowledge forms“were tentatively identified fromKonly, -

KW only or w only statements. A complete K-KW—W epistemological triad

l

needed to be identified before the knowledge form was accepted into the

\

From an STS science education perspective, a criterion for the

 STSC Taxonomy was' that it should help to define STS science

education. Toward this end, STS was adopted. as th_ree of fiveA‘

‘curriculum emphases, and -specific knowledge forms within each STS

o

emphasis were identified and defined.

. ' i ‘ . ' :l ' . ‘ ' , '
" From a normative'perspective, all knowledge forms widely accepted

within the science education community were included in the STSC

. Taxonomy. Often there was a struggle to. find a logical placement

‘ of. 'these common knowledge fo‘rms within the Structure of the

taxonomy. For example, psychomotor skills were included as.

’ \‘ technological skills in the technology emphasis of the taxonomy,

'fdiscourse. S

-'and reflect practice. For example,‘-

' and the scientific process knowledge form was: redefined as student

wotk only in order to make the logic of the taxonomy consistent.

From a practical perspectiVe, the STSC Taxonomy should both guide '

x

:,write science textbooks, and help teachers with classroom

-~



7. From a research’pers‘pective the relative frequency count of statements

classified into each category of the taxonomy is a criterion for

‘ 'accepting knowledge forms into the taxonomy. For example very high )

‘frequency counts resulted in the split of a category gnto two ..
=categories high frequency counts confirmed a category, and low '

. frequency counts over several units of textual discourse resul ted in

-

.‘ the dropping of a category. Based upon other criteria a low frequency

~ . N

‘count may not be suf ficient reason todrop a category £ rom~the' taxonomy.

All of these. criteria were used in ‘a's 'simultaneous a fashi'onuas
possible to evaluate the taxonomy. A requirement for the selection of
'the criteria was that they be pluralistic, i.e., reflect a'variety of

| perspectives from within .the.scie‘nce education community."

In some cases problems arose from the perceived deficiencies in

i

the ability of .the taxonomy to classify discourse. The design of the

: / :
study réquired’ action 'when a test of the taxonomy showed deficiencies

in ‘the taxonomy. The revision of the classes of textbook discourse

involved several alternative procedures.‘A full chapter of this

Jreport—Chapter Io—has been devoted to describing in detail the changes B

) made in the taxonomy at each stage in the srudy. The criteria and
.reasoning are’ presented in Chapter 4 the type of changes and an: ‘

v example for each are presented below. o

'll'.f: A category was created if there was evidence of a knowledge form

‘ ,"'iwhich could not be classified within the existing taxonomy (e.g.,'

._statements about how communication systems come to be accepted by

‘ ,‘.‘»;,the scientific community required the creation of the epistemology .

.1‘



‘ofcommunication(Epid)category)a“

135
Vo .

'

,The categ}ry was split into two categories 1f it was overloading

and/or a logical split was evident (e g., the heavily loaded

‘ :empirical knowledge‘category in science was split “into

‘10'.'

'flfsa_

";fthese reasons).l,

| 7”;f6;h;

‘restricted to just science)

A category ‘was’ removed if empirically it received no action and

experiential (Emp KE) and generalizable (Emp KL) empirical \
knowledge).‘“;“‘ f(s _‘ .‘ o o

,;The definition of the category was restricted to a more limited

conteXt if textual statements in that category appeared too broad

tn scope (e 32 the epistemology category in science initially

included all epistemological statements, but was éyentually "',

A category was renamed if more commonly accepted names, became -

5‘apparent (e.g., the parochial (Par) category became specifically

Canadian (Cdn) and then more generally national (Nat))

if conceptually it did ‘not fit the logic of the system (e.g.," -

e

;'psychological knowledge (Psy K) was removed for a combination of

i .
o oo .
'

fA category was moved from one STSCP emphasis to another if the
f;conceptual fit did not seem right (e.g., ecological knowledge (Eco
‘ "ffK) was initially moved back and forth between the science and the e
"}fv[society emphases before ending up in the society category).i ‘,ﬂf"fﬁ e
,gA category was split, with one part going to one emphasis and the

?fother part to a different emphasis if a parallel structure betweeh
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emphasesbecameapparent(e.gh;theprocessskillcategorywassplit.‘f
vintOAScientific process'skills and technological process skills).

.

8. Terms traditionally used in science education were changed if the

_internal logic of the taxonomy demanded it (e g., psychomotor

‘skills were renamed and reconceptualized as technological process

skills).

i

9.,‘Categories were redefined inﬁterms of ’ each other 1f an overlap of
categoﬂies resulted in difficulties in ‘the classification af
'curricular text (e g., the empirical and . process categories in the‘
science and the technology emphases were split by restricting‘the .

: process skills categories to stugen laboratory activities)

f '

10.. New curriculum emphases were ‘created if there appeared to be an '

epistemological necessity resulting from the discovery of new

‘categories of epistemological content in curricular discourse 2

RN

‘(e.g., the.communication emphasis was created when

espistemological content concerning the criteria for accepting

v

communication system was discovered in the STSC Chelistry

"Q‘Ntextbook). ‘g‘”' S

bh‘Only singular examples of criterion—based chaﬂges in the STSC Taxonomy

ﬂfhave been presented above. The detailed reasoning for the specific

":changes listed plus many more is presented in Chapter 4. The examples'w”gy;"

Nﬁpresented above were illustrative only at this point 1n the report.

)

A

- . . : . L T B



'F. Stage 8‘Procedurea“‘ o o ‘ ‘& '

:Stage-B‘in'the study invleEE?the‘development'of two example;textbook

discourse—statements for eacﬁ‘of the sixty six categories in the

k"final" version of.the STSC Taxonomy. TP; complexity of the taxonomy
required that examples werelneeded to help define the category. Tno :
‘examples were considered necessary but sufficient to illustrate the'

‘different kinds of statements that might fit into one particular ‘

. o ' ‘
category. The examples are presented, accompanied by a conceptual

‘ "description and status report for each- category, in Chapter SJThe

|Evolution of the STSC Taxonomy of Curricular Discourse.‘
“.The\examples.developed in Stage‘8fof the’study were not chosen

bt

lfrom‘the textbooks di8course classified. The one‘hundred and thirty-

‘two examples are: writtgn with primarily a high school chemistry

education context.‘An attempt was‘made‘to narrow the chemistry context
to examples involving ggggg. érevious in—service presentations had "
;been made by the researcher using water as the context for presenting
‘ﬁf' ﬁtperspectives (e.g.; aesthetic, ecological legal political and

%.«Zscientific statements concerning water.) This experience led the
'””‘;statements to illustrate the STSC Taxonomy categories. It was felt

\.

: J7gfthat a, common context, emplqyins perhaps the most 1mportant chemical

:,,‘

'ff;ion our planet, might help when comparing different kinds of knowledge

R A : .
'“~;uand ways of knowing, Some sample statemedzs within ‘a water-context v"'i' e

e RSN . .w',' -
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TheKﬁ’ Theoxygenatominthewatermoleculeissurroundmibytwolone‘
. _pairs of electrons and two bonding electrons. .

K Tec W: Water may be used to mine sodium sulfate from the bottom'
of lakes. ‘ : ‘ \ ‘

His W: ‘Discuss how the water wheel may have influenced the
development 6f the cottage industries in Britain during
‘the industrial revolution. e ‘

K Com W:' Instead of calling HZO(l)’ hydrogen oxide, the scientific
‘ community prefers to call this substance "water". -

A i . ' !

" Ped Kp:  The purpose of this laboratory work is to gain a better
\ appreciation of the importance of water as a solvent. -

The water-context for all of the 132 example statements provided

- in Chapter 5 was not followed. For example, the researcher did not

A

provide a’ water-context for a sociological way of knowing question‘

within the science—in—society emphasis. ‘ A

" Soc W: 'Try to stand ‘back from your society and. interpret the
' effect of removing technology from your everyday life
pattern. E :

The procedure that was followed ‘to write the two example
SN ’P\ o ’

‘gstatements for the sixty—six categories involved several rewrites. One

~or two eXampl?é*for each category were' written during draft one. The

vgiw

‘hJinitial examples were revised and the remaining examples were written

\fduring the completion of several more drafts.,,

. . "
v

';‘ Some of the cells 1n the 22 x 3 taxonomic matrix had produced

e

,zero tallies during the classification of statements in six units of e

textbook discourse. These categories were created for logical and/or |

"*"

2o philosophical reasons. For example, o statements representing the “”.‘

dffK Emp WE-K The w category were found in any of the six units of
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textual discourse analyzed. The writing of example statements allowed the

fresearcher;andwillallowfutureusersofTheSTSCTaﬁonomthojudgethe

validity ‘of this taxonomic category. 1f an‘example statemen‘t could not be

\ ' o

written or if the example statement appeared to repeat a. statement in another

categpry,thenthecategorywouldbeomitted Forexample context
categorieswereeventuallyeliminataiduetothefactthatallexample<.

statementswrittencouldbeclassifiedwithinothercategories.
lhe,reinterpretation,Or refinementfof"a taxonomic category was’

'another potential‘goal‘for the‘writing of examples. Relativelylloose

definitions supported by recalled and: re—examined discourse were used
during Stages 2 ~7 to classify textbook discourse. It was noft until

”formal definitions.and‘examples were written during Stage 8 that some
long—term and some alternate interpretations were solidified. For
example{ the researcher had trouble with the difference between Pro Ks'f

(process knowledge) and K Pro WS (knowledge of a. process way of

’:knowing) until the formal definitions and examples were written. The
L ‘9 , .
realization that K Pro WS was textual while Pro Ks‘had to, by

definition, be. produced by students. This is now obvious but caused 'p
“'“many difficulties during the study. Although over SOO statements in'f '
‘the six units of discourse analyzed were categorized 'as. a scientific
‘.‘dprocess knowledge form (Pros), some of the statements classifiedvéro
;A'KS were misclassified according to the definitions established during
j‘ff;Stage 8. The tallies made during Stages 2-7 were not changed as a _f‘l”

':result of these reconceptualizations of certain knowledge forms. The

knowledge forms had been established empirically during Stages 2 7

i

.



Thefinestructureofthetriadswithineachknowledgeformwasdeveloped

. evaluated,and redeveloped, during StageS.

In summary, Stage 8 served to consolidate and define the sixty~

-

six categories of the STSC Taxonomy. Evidence for twenty- two knowledge

forms was found during the classification of six chapters of textual

‘ !
‘ discourse in Stages 2 7. In ,bany cases an 1ncomplete K- xw—w triad

' withi% each knowledge form was. found in the textual discourse.*The
fernal definitions.and‘examples serVed‘to tesc the legieal existente
of~the§e inéomplete triads. An‘eccqmmodation‘of the triad Lnto theﬁ
taxnnnmy.by the‘reééarcher requiredlthat‘several criter£a‘5e>met;

, L ‘ C - : .
‘1. fhe triad nuet describe an,obserued'or created set of etetemente.

Ly ‘ ,
2. The triad must be Lnternally consistent and must exhibit a.,

logically~fit within the structure of the taxonomy.

3. The triad must‘edd to the elegante, economy, and parsimonyfof the
taxonomy.

’f‘ At the conclusion of Stage 8 of the study the STSC Taxonomy was

ih relatively final form; Rules for use,‘conceptual definitions, and

example Statements had been written by the researcher. In, the final o

" 1 stage of the study, Stage 9 external experts in curriculum discourse

R

"'were asked to judge ‘the content validity and general fruitfulness of

iy the taxonomy.
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\ G. Stage 9 Procedures’

A limited amount of dxternal evaluation was completed on the STSC
Taxohomy by a panel of.judges during Stage 9 of the study. During the

development of the taxonomy of knowledge forms through Stages 2~7 the

> - o ‘ :
taxonomic categories were tested externally against six chapters of

a

textyal discourse. Stage 8 of the study concentrated on an internal

\ .

evaluation of the taxonomy in terms of the internal logic of the
curriculum ehphases and' the knowledge forgltriads. During Stage 9 six

judges were asked-'to critfqde the descrf:t i'strdcture of the

taxonomy, the definitions and example statements for each of ‘the

siXty-six categories, and the fruitfulness of the taxonomy. -
< |
The six judges were assigned to two groups. Each group classified
,.

.sixtyrsix of the examples created in Stage 8. The examples were

presented in random order as determined by numbers generated from a

c

computer prograMJthat eliminates DOS interference from the RND command

‘in the Apple conputer.‘ThiS'computer'program is presented in Appendix
. ‘ ‘ o R ' . . o
- C.’ The two instruments contaifning the exampleq&are also presented in

-

. Appendix C. Many of the exemples'have now, been reworded- and .are

‘ -—presented 1n Chapter 5 in the "final" descriptive form of the STSC -

- .
Taxonomy of Curricular Discoursé. ‘The assignment of Judges and odd and

"even numbered examples is sumnkrized in Table 3 2.

.

-From a practical inquiry perspective the researcher decided to

o - involve six authars of the ALCHEE and the STSC Chemistry materials in
f‘;%d.' '

‘ thgafontent~velidatiqglprocess. It was felt that chis‘relationship”
4 . . , . - : ' ) .

Cg@uld-be‘mutually beneficial to the authors and to the research. The
B S e s ' .o

P
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- authors had demonstrated an expertise in and a long~term commitment to‘a
;‘zluralist ic approach to science education. Their ariticisms of the
analytical framework creaced in Stage 1-7 and of thedefinitions and

examples created in Stage 8 were deemed necessary at this point in the
) ' v (. .
development of the taxonomy. Before the taxonomic structufe could be

'

communicated to the general science education community, the descriptions

and e‘xémples for eaclh category had to be judged pedagogical sound.‘Thesé

descriptipns and examples were communication devices necessary to convince ,

the edﬁcatiori community of the worth of the STSC Taxonomy of Curricular

,Discodrse. The authors were also interesting in what they might learn to

asgist in their practical activi‘cies of authoring and teaching. A.dialectic

— -
0

between the conceptual concerns of the research and the practical concerns

. , [
of the classroom was promoted at many stages in this study, including

Scage 9.

The judges were also asked to edit the example statements as they
classi}ied fhe sixty—g{x textbook statements aséigned to-them. The
four instruments described in Table.3;2>are‘presented in.Appende C.
Editing Qés AOne on the basis of faCCUgl contgng and clarity, as Qell
as~oﬁ the Ambiguitf 6f1El;séifiéation. If the evaluétors.felt that the'
,‘;-ciassification of‘an example statement as S, T, S, C or P (or as Ky
'Kw or W) ‘was hi?péred by the wording, chei were asked ;o-;ecord their
concern for fnén;e discuigion; A,g;;c-classifte&eion‘1nter91ew was

'held with each Judge to confirm their answers and obtain verbal

‘explanatiohs‘of t:hel:I.f»t\'ez:ommendlat:i.o'n's.'~

- ¢ . L a



YA S UHM UCIMVMOLAGLTY alk CAPGALADT AN alU 8 Avng-Lerm commltment to a
‘alistic approach to science education. Their criticisms of the
ytical framework created in Stage 1-7 and of the definitions and

iples created in Stage 8 were deemed necessary at this point in the
) ' v (. .
lopment of the taxonomy. Before the taxonomic structufe could be

'

unicated to the general science education community, the descriptions
a‘xémples for each category had to be judged pedagogical sound.‘Thesé

riptions and examples were communication devices necessary to convince

:ducation community of the worth of the STSC Taxonomy of Curricular . ' ‘L

ourse. The authors were also interesting in what they might learn to

st in their practical activi‘cies of authoring and teaching. A.dialectic

— -
0

een the conceptual concerns of the reseacrch and the practical concerns

’ ¢ n
1e classroom was promoted at many stages in this study, including

e 9.

The judges were also asked to edit the example statements as they
si}ied fhe sixty—g{x textbook statements aséigned to-them. The
instruments described in Table.3;2>are‘presented in.Appende C.
ing Qés AOne on the basis of faccugl contgng and clarity, as Qell
| the Ambiguitf 6f1El;séifiéation. If the evaluétors.felt that the'
sification of‘an example statement as S, T, S, C or P (or as Ky
¢ W) ‘was hi?péred by the wording, they were asked ;o-;ecord their

‘ v : ‘ o

:rn for future discusMon. A post-classifieation interview was
. -~ ~ .

with each judge to confirm their answers and obtain verbal

inations of t:hel:I.f»tez:ommendlat:i.o'ns.'~

- ¢ . L a
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educapioncommuniniesaecriter#afortaxonomicdeser1ptions(Bloom,

1956).CompletecopiesoftheCquueetionnairesereproyidadinAppeﬁdixC. r

‘iheresul:efromtheevaluetionsarepresentaiihChapterS;TheinCeviews

with the judges assisted in the writing of the status reports presented in.

3

Chapter 5.for each of the twentyr-two knowledge forms and five curriculum

emphases.

H. Chapter Summary ' - ‘ ' S

‘ A

: : - < .
In summary the experimental deéign for this study involved a nine- i
stage process to deVeiopAand eveluate a.taxonomy of curricular lv'
discourse. The first staée of Ehe study saw the development of tig
‘firsg draft of the taxonomy of nofmative kpowledge_fotms and the )
identif;cation of five eﬁeoretical perspecti;es to guiderthe
‘development and e?aluaeion.procedures. The second through the seventh.
sﬁages_involved tests of .the content palid}ty of tﬁe taxonomy py .
classifying six chaptefs of chemistry fexfbook discodree.‘ihe taxonomy
'was‘continualiy evaluated and revieed’during chese six‘seagee of the
Aetody. During Stage 8, forﬁel oefinitions and'examples'were writteo
‘fxor each of the sixty-eie categories'in the STSC Teeonoﬁy. In the lase
stage of the study, judges were-esked to eVaiuate the taxonomy for
content validity and otility, and a "fihal";:evieion:of the

definitions and_exhhples‘was completed.

.

‘The experimental design was’' one of'eoncepﬁoal enalysﬁe—the ' (::j

identification of guiding theoretichy perspectives followed by the\
-~

development and evaluacion of a conceptual framework. The conceptual

1

¢

”~
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‘framework in this case'wasa taxonomy of curricular discourse. The taxonomy

was developed and evaluated by olassif'ying textual diséourse. However it

wae\assumed chat the taxonomy would eventually have much wider ucility. The .

‘ [l

taxonomy was to become conceptual knowledge generally useful to the science
education com‘munity in both an under:st:anding and in a practieal sense. For as.
Kaplan (1964) states, concepce mark the I)ath by which we move most “freely in
logical space." The success of this research will be eventually judged by

y -
that criterion.‘ '



Chapter 4: The Evolution of the STSC Taxonomy
C o : S .
#L.
AL Introduction

This study has two hasicrsets of results; Evidence was collected”in

“the form of classification tallies that’ either supported or refuted
the ability of the then current, taxonomy to describe chemistry

-~

textbook discourse. The second -set of results wasvthe‘classification
system itself‘as a product of the research. The former evidence is
o , .

presented in‘this chapter as backgijundto the evolution of the

taxonomy; The taxonomy as product described in Chapter 5 along with

L
) .

. ) a 1 e .
the results of the external evaluation of the taxonomy. !
‘ i . D

The reader is pcovided with a fairly detailed, chronological .
account of the research. Many of the difficulties encountered are‘
related to the complexity‘of the research paradigm. Somevaspects‘of
the practice—theory (research‘and development) dialectic that define
the context of thedﬁﬂsearchvare messy and are hard to’relate to each
j;other.‘But in order to relate the type‘of criteria that yere_used in

'makingbdecisions, the'researcher feels thatra‘detailed‘account of the
- progression of the research is necessary; Each decision abqut the
'retention or rejection of a category in the taaonomy was. based on a
fplurality of criteria. Since the relevant criteria varied from one -
Coa

.‘declsion to another, .each decision is presented separately and in Coe

~‘sequence of occurrence.< o u‘}'.g—f;[

~ The reconstructed account of the development of the taxonomy

b'includes both quantitative and qualitative—empirical and

' . : R

1’46 L
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‘7\‘ ‘ ‘ } : [ ' .
‘ conceptual—evidence."i‘he report of this’evidence“is organized intq the nine'

' ' \

stages outlined in earlier chapters and repeated here. The stages of the

research can be tied directly to the textbook discourse classified as

communicated‘inTableA:T, S ' R o

The na‘ture of‘.th‘e. interplay between the concept‘ual" and the
“smpirical aspects ‘of the study could be described: as dialectic.;

; overall view of the study may be achieved by thinking.of the study as .
a cyclic‘progression from‘the conceptualization of the taxonomy
through a ser.i-es of empirical.: tests to ~the'final‘(f‘or 'the.current
‘study) reconceptualization of the taxonomy; The series of development
'and evaluation cycles that the taxonomy was put through is reported

below.

R S
e

B. Stage’ '1: 'l'-he Initial' Conceptualizat‘ion'of ‘»the Taxonomy . :
' ERRN |

' IHistorically, the conceptualization of the STSC 'Taxonomy can be traced

'backward in time by examining the researcher 8 vita in - Appendix D and

.

the PerSOnsl Ground section of Chapter 1._The vita and personal ground

' »statement reveal dual commitments to ‘the practical world of the »
: , PR 'y : y
classroom and to the conceptual world of science education research..'

~

7These documents also reveal a strong commitment to integrating '

s

. '”'alternative viewpoints into curriculum practice. The researcher s

7'iSTSC Taxonomy in several‘ways. First, the authors of the ALCHEM f'

involvement as an author and director of the ALCHEM chemistry

'3feducat10n project contributed to the eventual conceptualization of thev7

W
'

o~

'if{chemistry materials integrated senior—level chemistry content with

R [ . . . > v
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Table 4 1

. fhe Stages of the Research Study

T . Development and Evaluation Activity

identifying the theoretical perspectives for guiding the

~development of the analytical framework, 'and conceptualizing

the first draft. of: the taxonomy

b

evaluating .the initial taxonomy by classifying the discourse

"in the 1982 editiqp of ALCHEM Unit L (Grade 12 *

thermochemistry)

) ‘.
» ]

' Stage 3.

evaluating Draft 2 of

discourse in the 1975
thermochemistry) "

the taxonomy by classitying the
edition of- ALCHEM Unit M. (Grade" 12

C o

Stage 4.

evaluating Draft 3 of.
‘discourse. in the 1984

the taxonomy by classifying the B
edition of STSC Chemistry Unit. A (Grade

lO;vgeriodic'laWS and

-atomic theories)

. .'Stage 5.

evaluating Draft A of

discourse in the 1984

the taxonomy'by classifying theli” ‘
edition of STSC Chemistry Unit'B (Grade

10 communicating and

i

predicting,chemical formulaa)

Stage 6.

evaluating Draft'Sﬁof

. discourse in the 1984 "

‘the taxonomy by classif ing the *

edition of STSC Chemist Unit C. (Grade

‘ 10, communicating and.

predicting chemical reactions) -

‘Stage.7.

)

»evaluating Draft 6. of
discourse in the 1984

'the taxonomy by classifying the "iflf -

edition of STSC Chenistry Unit:D (Grade

.10, communicating and

predictiﬁg stoichiometric reactions) .

thStage 8.

‘conceptualizing the categories of * the 22 X 3 taxonomy by

" writing" definitions and examples fOr each of the 66
o categories : o -

‘ . .,

(.1.

' Stag% vv9\o

gathering evidence of

the validity of the STSC Taxonomy in

.7 an ‘attempt. to refine the conceptual ahd’ operational L
‘j-‘definitions of the curricular emphases and knowledge forms
”v'identified over the course of the research o ‘




y

fduring the development of the STSC Taxonomy. '

‘_author group.i,;}jff‘VIfo; “Ql:~“i”1 r\fif ],fﬁf" I-TN*'f.-N

149

applied and descriptive chemistry contexts and with a distinctively

pedagogictextualformat.Theclassificationandintegrationofcﬂfferent

‘knowledgeformsduringtheALCHEMprojectforeshadowedthemoreformal

' operationalization of this methodology during the current study.

B

The second influence that the ALCHEM project inVOIVement had on

fthis research\study was the opportunity that the project provided to L

be involved in intensive discussions with educators offering differing

points of view. Regardless of the rating or priority assigned by this‘x'

jresearcher to the points of view expressed by others, a. recognition o

and tolerance for such views was developed. The ability to classify
the points of view of the hundreds of people met during and after :

p——

Qinservice presentations was an- asset not only in that context but also

s

e Another\i;>text that influenced the researcher 'S 1nterest and

3
.

“),skills in classifying conceptual positions taken by science educators

ot o
' - s ;

was the years of writing textbooks with a team of authors. The
intellectual arguments that were part of the team—authoring approach ; L

j‘,fostered the ability to find alternative points of view with which to

. . .
T

u?Lenter the discussions. This process involved not only an

.'} o

”identification and expression of personal points of view but also a

V?perceived necessity to express points of view not highly valued by the‘ ;’

The use of classification systems with students in the classroom ;ijiﬁli

‘( PR
T

VQ“;also developed an. appreciation for the descriptive power of such
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N o . ) \‘
asked to use a modified version of Aikenhead s (1975) classificationiof
‘ "ways of knowing .. ;l‘he students were assigned the task of classifying

perspectives take’n on science in soc_iety issues.wit‘hin videos and fi‘lms‘, “ -
magazine and newspaper articles and textual material‘ The students and the

researcher modified the list of perspectives to more completely and simply

v

describe the variety of perspectives taken on issues . The research lesson
learned from this practice was that a‘classifi‘cation system of conceptual ‘

)

positions can be created and/or evolved by the empirical procedure of

classifying discourse—verbal or written. The issue—perspectives

classification system was continually revised through classroom use until a

list of twelve categories were agreed upon. The lisn is presented in the form

1;, .
of a wheel in Appendix B. Pilot work was also done with students analyzing the

) v | o

ev1dence gathered from classifying discourse for .pa tterns of issue

perspectives presented within the media. For example students were able to o

identify perspectives favored or ignored by the media and were able to L ._" L

' identify the favored perspectives in different newspapers in a- city.

e NPT

Another classroom research context that developed the
researcher s interest and skill in classifying discourse was that of o

P K- L vy

g

having students identify scientific language in scientific articles.'
Students were asked to underline phrases in written discourse which .’ .

ideéitified the scientific appeal trevidence, appeal to the nature of

-

science,' and appeal to theories, laws and generalizations. The

methodology was simila’r, although restricted,'to that used in the _‘-“4-,""‘ -
. . ST e
current study. Teacher workshops were presented by the researcher o‘.

this approach to teaching about the nature of science. i

s
¢
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Still another context for learning about classification was the .

researcher 8 experience as .an graduate student. The writings of Kuhn

.
[

(1970) Capra (1982) and Zukav (1979) stressed alternative
‘ ‘ ‘ , |
fperspectives about the nature of’ science. People such as Apple (1974)

' LN
cot M

Aoki (1979) and Kilbourne (1980) were writing about alternative world
;views. Scientific process skills and scientific attitudes were being
classified by Nay (1971) and Kozlow and Nay (1976). Aikenhead (1975)

- was classifying ways of knowing, Roberts (1980) was classifying

) curriculum emphases,‘and many education researchers (e g Rist

(1981)) were classifying alternative research methodologies.

. A : \
From‘within this variety;of contexts,'the interest-of the‘
vreseatcher in classifying knowledge forms within curricular discourse
"emerged.iThe most important lesson learned from these classificatory

‘iexperiences was that classification systems can be developed by
iiclassifying curricular discourse. Secondly, these systems had been
"found useful for organising one s.knowledge about a subject and’ ‘

eveloping an awareness of the pluralistic character of human

‘hendeavors.»ﬂowever, the weaknesses of such systems also emerged e g.,‘

”r,,the use of discourse to classify people rather than ideas and

',opinions. A positive aspect of classification systems is their ability

‘mnnto make peOple:aware of the alternative actions or points of view

‘f;available to them, and of the priority or weighting placed on these ;




‘research study,was made. ':‘ . N o

" curriculum project for nine years. This involvemene—led to an attitude

" iwas us

s

systems is not necessarily proportional to the ability of the system to y

",
i

' classify each and every example encountered "correctly" without argument.

o
The usefulness of most classif ication systems is in their general

) definition of new concepts to lead a discipline "forward" in {ts search for

K new knowledge and new ways of thinking about a topic:

In a more formal sense.the conCeptualization'of‘the first draft

3of‘a‘taxonomy offcurricular‘discourse‘inVOIVed the writing of several :

" exploratory papers and an'investigation'ofwthe-relevant 1iterature,

The exploratory -papers ‘b'egan with the Iw,riting of a paper‘,v. "The

R f [ e ) . K -t

" - Potential of a Teac'he’r-Generate‘d; Erame of Reference:as‘a Cu‘rriculum_ ‘

S

| Research and Development Persp"ective" (Jeénkins ahd ‘Kass 1§80)

presented at the CSSE Annual Meeting in Montreal. (This paper is

reprinted in Appendix A.) The important product of" this paper was the

Lok \

‘establishment of a methodology for the research undertaken in this

.

‘study. A commitment“t_o a Schwabian (practical and deliberative)'

, T

.

. . : )
The researcher had, at that time, been involved in thenALCHEM

“that’ a practice-theory dialectic involving a research study and a

Rl

| ""curriculum project could be mutually beneficial. As a reSult an

informal concomitant research and development dialectic was' . .

y

' ‘established involving the current research study parallel with the
idevelopment of the srsc Che.istry 10 textbook. This "frame of

reference‘ paper also helped to define the practical persp\ective which

as one of the guiding theoretical perspectives for the



o o . as3

conceptual analysis of curric'ular disdourse in the current'study . Froma

practical perspecti\}e th‘e prevailing criterionﬁfor evolving the f:axonomy

waa. e recognition and valuing of the attitude that educational research

wn

\.:

should be: gr—m“ed in classroom lif e. An elaboration of this practical

Y gerapective is presented in context in the report on Stages 2- 7 below. The

practical criterion was ‘Invoked often in making decisions ‘about the

3

AL . K .

- evolution of the STSC Taxonomy. ‘ “’ ‘ ‘ ‘ ‘ N

A second paper that" help‘e‘d to conceptualize thisstudy during

Stage 1 was "Contexts and Contextual Dimensions for Science Education

in Canadian High Schools" (Jénkins, 1980) This paper 'set the

‘ t

groundwork for classifying textual discourse on- the basis of context.

‘ One of the statements, "A Canadian context for science education is

Just-one of many contexts in ‘which science education can be embedded "

foreshadowed the introduction of scientific, technological, social and

-

..“'rpedagogic contexts incorporated into curriculum emphases in the STSC -

\

J Taxonomy. The idea of a Canadian context as advocated by Page (1979)
. ;‘-begged the question as' to what other kinds of contexts there were. .

‘This question is answered to a degree by the current study. As the

.

‘present study progressed the idea of context changed considerably as -

v documented later in this chapter.. -'

. ‘-
[ - ’

Another statement made in the 1980 paper on. context ‘was’ that _

ot

",identical knowledge can be given ‘to student:s and identical ways of

o ‘knowing C‘an be used by students in contextual or acontextual textual SR
PRh -discourse. Keeping the content the same and changing the context was

v;‘?‘fsorted out conceptually in this context" paper.‘ Not only was the BRI

o s ' ’ ' \v,'u.-‘. . : B -y . N
" v " TP st TR . co et [N )
. Iy . [ L T

i SRR e
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o Revolut‘i‘ons in Stage 1 stimulated the researcher s appetite in the

(is an! important methodological concept in' many research areas,

154

‘context classified dlfferently i‘n‘chesé‘cases but the standard context ot

-

'the sentence'came to be classified differently » based on the particular

pedagogic context This result is documenced with examples, later in this

o Ny

chapter.TheideathattheoretlcalandCeChnologicalknowledgecanbe S

‘ int_egrated in academicscienoe curricula was stressed, and the co—~existence

‘of different knowledge“forms in textualldisco\‘urse was described and'

advocated There were no sys temaLic relationships developed between the
knowledge forms described, but thls paper on cor\l:ext did open the question

and express confidence that an answer would be found It was also suggested

i

that the intertwining of scientific ways of knowing, and other ways of

knowing which reveal our underlying assumptions values and beliefs

[

. X &
concerning the ‘role and‘»effects oE science in our society, is essential’to ‘

" the process of knowing ourselves A strong web of science epistemology,

values and science in society@s deemed desi rable in any curriculum. The ’

: structure of that web was not discussed in any detail in this Stage 1 paper on

1 i

‘ context and certainly not to the point that it is in fhis research report.

‘/A' revie of Kuhn s book ‘"The Structur\e of Scientific -

\.,/

\ ’
- B

area of, epistemology of knowl'edge and led in““p'art to the 'centravl'-‘

' ‘position of epistemology in tl’us research study. Instead of focussing

on the structure of scientilfic revolutions, this researcher focussed 5
. . | < T . . ‘

IR on th% structure of scientific knowledge and the structure of

_.’x L . ‘\- , . ,
__.....«3‘

"curricular discourse. Secondly, the book review opened methodological

\

"‘,f--questions. The whole idea of a reconstructed view of a process-in-use

e

-

' N
. : \ E . . . . et
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, Ad )‘7‘ » . . . . .
educatfonal research included. One result {s che attempt in this chapter to
\ . :

describe the practice—theory interface as part of history of the evplution
‘ ' C ' R » /
‘ ofthetaxonomy.There—examinathNIOftheprocess-in-useduringthis
reaeemchstudy,inpart reflectsthemethodsusedbyxuhninxeconstructing ‘
','g&‘: _‘Q A ,! W o n
5&” . v . . ) .
AN sdigntific revolutions. / N - )

™~
h A “sa ! -~

ﬁénajor step in the conceptualization of '‘a caxonomy of knowledae‘

forms during Stage l OJ thts research was the writing of the paper,

"
a

"Custom Tailoring the»Chémistry'Curriculum to the‘Culture:‘A ,

AT . At £

1

v T ’ A 4
"Classification of Chemistry ;ducation Subcultures" (Jenkipms, 1981) ‘

v an

This paper was prepared gor a plenary session os international

i

Ichemistry educators at the sixth ICCE conference in Maryland and is

-~

upresented in Appendix\A. From the researcher's reading and experience

'in the field of chemistry education, a classification system of nine

0\ -
chemistry education subcultures (normdtive perspectives) was
4 ) " . ' ' ,
conceptualized. These hormative perspectives, as they were later‘ R

called (Kass and Jenkins, 1982 and 1986) ~were operatibnally defined
" with examples from the ALCHEM curriculum project in which the [

resea:cher was inVOIVed. This was the first of a series of |
";classification sf%tems which eventually led to the tinal product ofpl

this teseatch. At that point the focus waé on value positions or

‘/~t1_normative perspectives,'i.e., What kind of knowledge is most valued by
oo, . &

? R particular chemistry education suécultures7 A particular important‘

fadvance at this stage ﬁas‘theoconceptualization of the epistemolbgy




‘ ’-position was that a pluralistic approach would work in the classroom.
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Chemistry curricula have always been taflored to the culture
and always will be. Chemistry curricula like all forms of '
knowledge are socially constructed . . .. The particular
subcultures to which each of us belongs will depend upon our
general cultural heritage, our personal chemistry education
experiences, and our stage of conscious growth as chemistry
- educators . . .. Too often our experiences have been
_' restricted to theoretical knowledge on Y « .« . Although in
¢ theory it should be possible to teach every chemistry topic
with any one of the emphases mentioned, in practice this is
difficult to accomplish . . ., Although such a
- reconstruction [{.e., the classification system] can never
* ' truly claim to reflect actual ideas and positions, it can be
' useful in dialectic exchanges, and should also help
chemistry educators who use it to'evolve new perspectives |
from those held by them now. (Jenkins, 1981: 105) ' *

Y

v

Ihe influence, of this Maryland paper on the current research
2
. . . 5 / 0

study was three fold. First, the paper provided Draft 1 of a taxonomy
of knowledge forms and helped in this way to conceptualize the .

possibility of such a taxonomy. Second, the paper explored the concept
. 8 - ’
of normative perspectives which led to the presentation of two other ® °
. 1 B ' . '
papers on the topic (Keés end'Jenkins, 1982 and 1986). The literature

research into dlternate perspectives on what constitutes important
“ N . .

>

0 v . .“ "
curricular knowledge had an important influence on future work. A |

familiarity with rhese alternate perspectives was indispensible for

.bqiiding a tdxonomy“of-aiternate knowledge forms. The third‘influence e

ty, N e

© of che paper on the, curreﬁt research was- the philospophical and

»

»

\

' practicaf position taken by the researcher concerning a pluralistic

apprbach to. science education. The philosophioar position :aken was
Y - ] ! !

lthat a pluralistic approach should be soughn, and the practical

‘The confidence chat such a solution*existed was a necessary motivacing

e-factor in seeing chis research thfough to a conclusian.
L b , , ' '

3
14

;;gggf;i-;‘ij’:eﬁt‘."

ﬁW«
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The neét*paper bw'this researcher that helped to conceptualize

-

, the initial‘draft of -a taxonomy of knowledge forms during Stage | was

"Esplatemological Approaches and Issue PerspectlvesAas Influences on

Science Education Curriculum Design" (Jenkins, 1983 a PhD proposal).
The intent of this prOposed research was to look for evidence of
epistemological approaches and issue perspectives within the
curriculum documents and textual discourse ‘of the'ALCHEM‘project. An,

important statement made in the preposal indicated that there were

r

: . ‘ N
various |[ways of knowing and concomitant knowledge forms available to
textbook authors. The'decisionlas to what emphasis to put on various
ways of knowing and the resultant kinds of'knowledge is cited as

‘becomin increasingly more complex and more difficult to makeé. The
- " N . - N . N . . . .
link between ways of knowing and resultant knowledge forms was

- &3
establi shed as a dyad and opened -the door for the conceptualization

¢ . .
. |

of the ﬂnowledge—form triad in Stage 2. A basic question asked in the

[ °
1983 research proposal was what patterns of coherence between the

\

epistemological approaches displazed by the currﬁiulum‘haterials'and

»
L3

-

/

the epistemological approaches intended by the teacher—authors can be
. / R :
" d scerned? The reference to congruence between actual textbook‘
¢ RN .
/‘discourse and statements of intent raised a difficulty in establishing

"__. e

the normative perspectives and/or epistemoloaical approaches of -

-

MR authors. In order to establish the preferred epistemological
approaches of authors, textbook discourse had to be analyzed. This

S h

requirement led to the necessity for a set of rules for classifying

el textbook discourse, sentence by sentence. Instead of inferring the

ta

normative perspectives an ;pistemological_approaches;of authors; the

e Oy

“~h"“v o "‘”“,- o Tao T T e
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. e i ' C .
new research problem became the epistemologidal analysis of textbook

‘ﬂiscourseto\umoverqurriculmnemphasesandknowledgeforms.Fromthis

point(ﬁlepistemology remained a central tenet throughout the research.
) ' . .

‘A conceptual criterion for judging the const?uct validicy ofja ~

knowledge.form introduced in the c¢lassification sytem was
, A - ‘ o .
epistemological. Whén‘avpilot'classification of textual discourse was

conducted as a transition from the conceptualization of the initial
taxonomy in Stage 1 to the empirical test of the taxonomy in Stage 2,

a K-KW-W triad was discovered. Until the triad was recognized there
S } ~ ,
was a considerable amount of conceptual discord encountered by the -

-

researcher during the classification procedure. Things were not

~

working right. There seemed to be two general kinds of knowledge being
presented in textual discourse—resultant-knowledge and procedural

knowledge, Once this breakthfough was made, the* espistemological ‘l‘w
1

criteria for the establishment.of a knowledge form included the

necessity of a reéultant—knowledge (K), procedural knowledge (KW), and
A ; . :

Y

way of knowing- (W) triad‘(i.e., a.x—kw-w triad).—ResuItant'knowlédge‘

(X) could be obtained by procedures givén by a knowledge of a way of
P !\7. .
knowing (KW). The actual action component (i.e., in ‘a classroom or: T

[

laboratory exercise in textual discourse) required using a way of

1 . i

Aknowing (W) The presentation of “‘this K-Kw-w triad in textual

~

‘discourse or -the student response was visualized as in Figure 4, l and

Figure 4.2, - el "»". o PR - ,;.‘ A

-




S
<

the process of classifying discourse. The relationship among the

Figure 4.2.

\

‘

s
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Resultant . C ~Procedural : "Hv Required
Knowledge (K) ——>  Knowledge (KW) --> Action (W)
. (Statements) . <-= (Statements) " .(Questions)

The K-KW-W Triad in Textbook Discourse
(Reading a Texbook)
Figure 4.1 . '

Although the sequencing of the K-KW-W .triad in texthook‘discourse

was not to be analyzed in this stud&, the sequencing was important to

‘components of the tried was used to decide in what knowledge-form

category a statement belonged. The kind of knowledge produced depends

'y

upon the way of knowing used. The details' of such decisions are

provided<in Chapter 3 and, again later in this chapter. The central

4

\gosition of procedural knowledge in these decisions is illustrated in

.Required - v,, _ Procedural  :. ‘ Resultant- .
“*Action (W) '--> Knowledge (KW) -=> Knowledge

_ (Quéﬁtions) ' (Procedures) - =~ (Answer)

‘i

(. The w-xw-x Triad Usged by Students

=£ : (Answering a Question in a Textbook) ‘ .

Figure 4 2 . ‘ S

.
.- . .

s ‘This scudy has been restricted to the conceptualization of the'K-Kw—/ 'g‘

.u“

W- trie, as found in textbook discourse. The application of the trida

*
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TheinitialeffortsatclassifyingtextualdiscourseduringStage l

notonlyforcedthecreatim1oftheK—Kw-Wtriad butalsoforcedthe

realizationthatthetriadshouldnotandcouldnotcrossbetweenknowledge

forms.Fopexample,aKﬂKWstequenceintextualorclasstoomdiscourse'
which crosses over from one knowledge form'to another could unknowingly be:
.’ The K — K The ¥ —‘Emp wooo S .
B. Emp K — K Ped W — Ped™W ' | . S ' : .
'-C. Emp K — K The W — Emp W |

ot T Mb R . .'t;;"r o
(The symbols used in the above communication are part of the
thirty categories defined below : in Table 4.2. The three
categories. referred to above are, The—theoretical , e A
Emp—empirical, and Ped—pedagogic.) L

‘It night”BeVarguéd that etudents could beeomelvety\eonfused if o

classroom orA@entbook disgourse were to fiiovoaékyano’fottn'among é\
- - r ‘ ) :

variety of knowledge fotns. A question might be aeked in generall'
terms, foraenanple, and answered oy using an em51€1c51, a~tneoretical
or a pedagogic wa? of’knowing, witnout naking'theiway of knowing -
explicit. On another occasion the teacher miéht identify two or three
;iffetent ways‘of knowing how.to answer the question. Perhaps the

ideal situation would be to have students classify the way of.knowing

used by the teacner in providing an answer..f 'foft‘lwxf;tY' ;f}“l

- N . _‘ ) BT i



- B 161 -

interrelational way among knowledge forms the knowledge forms themselves

have to be explicated When this discovery was made during Stage 1 of this

.

research study, the decision was made to restrict the research to

’classifying the knowledge forms presented in chemistry textbooks. As

. mentioned esrlier the knowledge foms may also be nested into curricular '
“.emphases or epistemological approaches. Going into Stage 2 of the research

[

‘@he x-m—-w triad concept had been established and ten knowledge forms had -

been conceptualized and nested into four curriculum emphases The resul ts -

of Stage 1 are summarized in Table 4. 2. - e .

Table 4 2 represents Draft 1 'of the STSC Taxonomy of Curricular
Diacourse. The epistemologiﬂl triad was Spread over ten knowledge .

» ' e Y '

forms for a’ total of thirty categories in which to classify textual

-
-

discourse. These knowledge forms were derived from the 1ist of :
nol"mative perspectives created by Jenkins (1981), and Kass and ’Jenkins

,
(1982 ‘and 1986) A rationale for and -8 description of each initial

t

N knowledge for;n is provided in the 1981 and 1986 papers pi‘esented ih

Appendix A. .

‘\v/ o )
- i _.>‘,: . »‘-"a e (’l'\

{' : . r . .o : B f X .
o -

C. Stage 2 Classification of Discourse in tha ALCHEM Energy Umit L '

Nt

~-;*" ) L . .
g L . KO ‘- 4 ‘(:}

if"‘ (1982) 'pr(ﬁl“lfiif"" ,

The classification of discourse in the 1982 ALCHEM 30 Energy unit was ,.

the first empirical test of the STSC Taxonomy. ) In a Popper sense, the S




o

Table 4, 2

' Initial Taxonomy of Science Textbook Discourse‘~
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P
‘Emphasis Andg
Knowledge Form.

Resultant "

Knowledge (K).

‘1' \ .
Procedural

Knowledge (KW)

-Action
Required (W)

Academic ‘ .

1. ‘Theoretical

, The\Epistemdlqgical (R-KW-W) Triad

S

K The W.

The W

7.- Pedagogical

__gchological

K Ped W, .
KPayuw o

( Ped W, Fn .
-}'Bsy‘w;‘f‘

2., Ewmpirical” Emp K K Emp W  Emp'W .

3. Process = Pro K K Pro W ‘Pro W ' v

AppiicationaI "‘ . Qv . o ‘

.4{ Eglicational ‘ifﬂ App‘K .' K ‘App W ‘ App W ‘

5.  Parochial Par K K-Par W Par W

6. Ecological ' EcorK K Eco W .~ "Eco W

Pedagogical  “'F“"Xv>;' ! . ‘ :f L
;




L communicated in Table 4 .3 and. in Figure 4. 3. o l

‘prediction. The procedures used to test the prediction are described in .

| classification of t‘he 1982 ALCHEM 30 thermochemistry unit in Stage 2 is AR

"'.produce Table Ao T

‘to provide to the authors an indication of the knowledge forms
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s . o , ' ' "‘I

. Chapte.r 3 The evidence and the analysis and evaluation of this evidence, ‘

‘ are presented in th.is chapter. The evidence gathered during the "

1
0

I ot
f

'Table‘4.3 summ%izes the evidence gathered to test the existence

R

of the categories in the 10 x 3 taxonomic matrix depicted in Table

¢

‘ *& 2. The total tallies and percentages of the grand total (701

i

tallies) are presented for each postplaﬁgd category. F‘igure 4 3

y

. t

graphically cbnﬁnunicates the proportion of ‘knowledge—lforms’ discovered »

-_in the discourse classified. This'evidence‘ was further analyzed to

Iy

# o . . . L Cye

f

Table lo lo expresses the classificstion of the textbook discOurse

{. _in tanked order. The ranking was done to provide an indication to the !

. A

.. .

‘,researcher which knowledge forms were supported by the evidence, and

e

“ ': .
\,‘

' \\l

'.v,-;emphasized in the textbook discourse. The number of tallies for each

-.‘_. '

of the thirty categori’e$ was convertea into a percentage of the 701
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A Classification of Discourse in the ALCHEM (1982) Enetgy Unit

Emphééis and ‘.Resultant ' ' Procedural

' 'Knowledge Form

. Action

® @ @@

- Knowledge (K) Knowledge (KW), Required (W) Tallies
’ (%)

\‘R Total .-

W, @ e

The‘Epih;eﬁologicai'(K¥EYﬁW)_Triad‘ Co

- Academic

" 1.

“‘2‘.
3.

67
' 114
37

Theorecical - 10

16 - . 57
30

- 65
RN S
Process . 25

-

Eirical

A 78

11
236 34
S92 13

égflldagional-
(”4.‘,é2211c§tioﬁal_
'S, Parochial

69 10

Ecological . . 21,

Pedagogical
7 Pedagogical

125 a8 701
8. '

g_zchqlogggalj‘ 1S -

Imglicit \;‘"ﬂ Lo vh;ﬂ\fi.  s
"9;£:_2_stemological 26 T W

iogﬁﬁReconstructional S

-

| Total Tallles 47"9_? 68,




St . - -
& . B . ~ . N .
- - s Tt
© (2 000) TOL ~ M-mA-A T - (¥ (1) AN W
© - (1 0) reTyd0aRg oy - ]
1t >>). 1eu013dn138U033Y ¢ i e & B nucoauuauuncooox 6. N —wuamd onouawnm (32
(X T >) 1e218010mazsydg g~ - - =T g - 7 - ¥-{ed1B0toyaheg o
.- (2 2) 1ea180t0udhsg < —_— ’ CofL 7 m.tedtfotoay.
‘ (2 £) 1831801027 +9 Lo— 9 n ~a=0au.u«aau< A Jquhov.s a«ouuoaaaouounu\
« (2 01) {euot1edy1ddy *¢ a ﬁwunwoao:oaam ™ M 1e27301094r § pnm oy a -uOQOum n
(X 17) 1ed7323094y *9- ‘A 199§32109yx *p w .rEo180(owaysidy Ay nqv A A-oauu oYLy
(2 €1) ®vad0aq. *¢ A ted1BoBepag °¢. . ‘4 reayBcBepeg y .nﬁ Anv b § -=odu.o¢~mn< ¢
AN_NNV‘A-oﬁwowuvom L4 01) M 883d0ag <7 awq " oaOUOum Az (Z)Y n 1®d L«nnw 4
(X ee) 192323dwg 21 - (§) M 193TaTdmg -y ~ (9) M duu.u*aum AU Aﬂv A2 ~¢o«wouuvom

PYTIL (A-MA-X)
‘ouvu~:o=x 3o wcqx

= (n) uogady

vuu«:vum Jo Bupnuey

() omvuﬁno:x‘
1830p3d01g, Jo Bupyuey: . -

wmh’

ST ) ouwﬂo mwumcm Amwmﬁv xmzuq< unu aa wwﬁuowuumu uo wsﬁxnmm“

.

vryeTaEL




S PR U7 )

\ ' ,.‘ ‘ ! g '

/

- .” ﬁvv;
:' e -1rig t&e slassi

'lon process./ The last column 1anks the knowledge

e v F

4

A { ,

N L r

(e f!ﬁ frpm one to ten and pr'esenta the percentage values. The bottom row of !
v ; -‘ ' ! ! . N te

o s

N the table indi%ates that in total 68 Z. of the statemeits were classified as

resultant knowledge (K) 14 Z were classified as pro edural knowledge (KW) ,

AR

' and 17 Zwere classified as requiring action (W). Th evaluation of the STSC

)
[

Taxonomy e%ployed this analysis to make decisions abbut the evolution&&the ‘

\

’ i

taxonomy aﬁ‘illu‘strated below. -

' I-‘ .

T e , o ‘ ! .
A surprise from this analysis of evidence for knowledge forms (as

N

communicated in Figure é.3) was the high frequency of pedagogical

knowledge found in ‘the, textbook discourse. ALCHEM was- ‘a chemistry
B G : oo :
‘education textbook to be used An schools,,‘but the Ped—22 - 7. result was

e,‘ L4

still unexpected by the researcher even though pedagogy was bnecoﬁ . _,"

o S Yo -

four curriculum emphases postulated The result did however, ctmfirm

Lo LR

the declared emphasis of the ALCHEM authors on’ pedagogy. 'I‘he emphaees—— ‘ |

s

‘..‘

v

declared‘by .the authors were academie, applied"and descriptive
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Figure 4 3

Proportions of Knowledge Foms Discovered{
1n the. ALCHEH 30 (1982). Energy Discourse

,




*9,
T e
*
.

. '
, . -

by the 154 examples fou‘nd {n the text.ual diecourseclassified Thediacourse

oR
S .encountw‘during the classification process forced the evolution of the
‘ -

taxonomyiJ\thedirectiondescribed below. B v

) ‘After‘ a couple of fai’se starté‘and the‘ eetablishment of ’som.e
rules, the classification went well. Each'sentence was claasified 1n t
ia fairly confident, although very time consuming, manner.'The false ;

'starts ‘ involved problems encountered with the pedagogy category in

particular._During the classificationﬂgﬁ discd!rse in this first

"cb) A‘
[ -~

¥ chapter oﬁ textbook discourse the pedagogy class of knowledge was'

"
©

coded into three subcategories—pedagogical purpose, pedagogical

r.: reference, and pedagogical communication. The pedagogical gurpose

) ‘~y T category (Ped KP) included stanements -sugh as:

IR . , . . [

-

- " . Ped Kp: A primary objectivq of this unit will be to give
" " e.. an ‘understanding ' of the relativé- amourts of
; 'j' -energy that can. be obtained from the three types of

, v ' ;- ‘energy changes o o 0s (ALCHEM 30 1982*“1.1) :

CoR e e e ) : ‘»‘ Cl sy

sl TR ; e “; . RIS S f;u.

- The statement of;oblectives in’ textboohp is pedagogic and the

l .

classification of the'pggagogic statement as purpose oriented (Ped KP)

\

‘tjj ‘:"ffwas done with a high degree of:certainty. The doﬁbt that was present

“ pcentered around whether from a'student $: perspective this knowledge

‘W&S resultant (Ped' p) er procedurﬁl (K Ped wp). This question

’ “ "(These” molar 'values are provided on’ the ALCHEH
data sheet for future reference.)" (ALCHEM 30
1983. L9) B TS TR

o p . [ - e
[T ) _.‘.‘.,:, BRIt




ax‘

N

o A
context

o

. Teach{hg’n student how to reference knowledge qualified as procedural

knqwledge. Logically, this kind of procedural knowledge did not fit )
énféhere else in the taxonomy. The question begged|by this

. ) . |
classification was, "Is pedagogic knowledge a result of this

Ca
referencing procedure?"” For example, if a person references the
-

chemical formula for water, then {s the knowledge gaxnedvin this

<

pédagoglc knowledge or sajentifc knowledge? This question is

raised again in Chapter 5 and Chapter 6.

+ 'The pedaédgical communication (Pedb) knowledge‘form was
operationally defined by exdmples dealing with definitional knowledge
such as:

K Ped Wp: 'Molar heats of reaction for exothermic reactions are

‘ 169

acbitracily assigned a negative value.' (ALCHEM 30, 1983:

L16)

Ped We: "Identify the various changes by their proper name."
(ALCHEM, 1982: L9)

The emphasis jn these textual statements is on how knowledge {s

communicated. The most obvious place to classify this kind of
.

knowledge at thgt point in cthe study was as a subcategory of pedagogy.
At that point the.reéearcher did not create enhirely éeparate
knowledge férms for pedagogical purpose, reference and cémmgnication.
However, the empirical evidence Wwas recorded separately for only the

resultant knowledge (K) components of the three subcatégories of the
pedagogical knowledge fo}m; The criteria that were used to make the

decision not to create three sepatate,knowledge forms were three fold..
¥ . .

[
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The first criterion used was empirically based. Representative
t:excbook discourse was classified todetermine whecher the categories
inth6pr0p088dtﬂxonomyOfcurriculardiscourseCouldbedemonstrated
to exist in "real" discourse«In the case of the pedagogical knowledge

form,chetocalfrequencyeountfortwoofthethreesubcategoriesof

pedagogical kpowledge was relatively high. Pedagogical ;;urp‘ose (Ped

. 5P> accumulated a total tally of 48 (7 X), pedagogical reference was 6 (1

-~

%), and pedagoglcal communicar;ion was 71 (10 Z). However, there was a
lack of direct empirical evidence to suﬁport the existence of compl.\ece
K-KW-W triads 4n each of t:hé’t:hree pedagogy subcategories. The
frequency counts in total for the KW + Wdimension of the chr\ée

subcategories was only 29 (4 %).

Another criterion used was che existence of a logical

conceptualization By the researcher of a compleﬁe, K~KW-W triad for

each knowledge fora. In this case in addition to the lack of

empiric&l eupport~£or splitting the pedagogy category, the full

conceptualization of the K-Kw—w triads was still incomplete. For
example, the diffecrence between Ped Kc and K Ped W¢ was not clear
at that time. From a later berspective much of what was classified

as Ped Kc should have been classified as K Ped Wg. An example of"

. misclassif?cation from the _ALCHEM d’iscourse' classified is:

Ped Kc: "The energy change that. accompanies a phase change,
chemical reaction or nunuclear reaction can be

regresénted in one of two ways." (ALCHEM, 1982: L20)

This statement, in retrospect, shoild have been classified as -

, procedural knowledge (K Ped Wc) telling the student how to
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]

‘ ‘ :
representenergychange&.Theknowledgeresultingfromchisprocedural
knowledge would be Ped K¢ telling the s[udent how to represent energy

changes. Yhis classification problem plagued the early use of the

taxonomy. Although the "correct” classification is fairly obvious now
to an experienced classifier, the early conceptual problems with the

Ped K versus K Ped W categories aredifficulc todescribe inrecpospect

t

(asla Kuhn). j ' : b

AY

5 N I ’
3. Simplicity was the third criterion for not creating complete
\ ! ‘

pedagogy subcategories at that time. Pedagogy was not a cutriculum
emphasis or an epistemological approach ,at that point and
. ‘ ] :

therefore subcategories of pedaglgy would have introduced an

unwarranted complexity to the classificaction. Secondary
subcat;gories were not wanted. Simplicity is a criterion f;&
acceptance of empirical and thegretical constructs by a communicty
of schélars. An immediate re391ﬁtion of the anomaly created by the
evidenée was not apparent. Since the o£her cacegofies of knowledge

seemed to be working fairly well without creating subcategories,

a decision was made to restrict rather than revise the '

classification system. At this poiﬁt the pedagogy cq&egory was an

. 1
exception to be noted and to be considered for future action.

At the practice-theory interface of this study, the authors who

wrote both the ALCHEM and- the STSC Chemistry materials were

operationalizing pedagogical reference ways of knowing in their. .

‘classrooms. Students were béing taught that, besides theoretical and
. -

empirical ways of knowing in science, there were "other".ways of

"
. '
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Y

knowing, nameiy, given, referenced and memorized ways of knowing. These,

\

were not called pedagogica)f—reference ways of knowing (Ped Wg) to the

students, but i{n research terms that seems to be the m/a‘st appropriace
[ ‘
description of this particular K-KW-W triad. . o e
: )
In summary Stage 2 provided an initial test of the taxonomy of

knowledge forms and a test of the experimental design including

i
L

. research procedures. The existence of five out of the ten predicted N
. ! '
knowledge forms was supported bx the evidence (i.e., the theoretical,
émpirical; proceis, applicaéioﬁalf and pedag?gical kno%ledge fo}ms a%l
tallied ten percent or greater of Fhe ;otai discourse classified). The
stacament;.c,asaiff;d'for‘all tsn‘cate;ories éf knowleAge nowlstood as
examples to hel; Ope;ationally deﬁsne each ca;eésry. The
epistemological &K—KH~W),tr1ad was also géven support by the eviéence.
Although a large proportion 68 Z of thé statements classified were | Y
resultant kgowiedge (Kj, 14 % ;nd 17 X of the stagtments were '
classified as.procedural knowledge (Kw) énd rquiring action (w),
Vrespectively. The results from Stage 2 provided the researcher wi{ﬁﬂ
confidence that the taxonomy and the research design was potentially

fruitful.

, / _ )
D. Stage 3: The Classification of Diécqurse in the ALCHEM Energy Unit

M (1975)

The éest of the initial.draft of the t xonomy of curricular discourse

"was followed by another test in Stage 2.\ The statements in the 41975

edition of the ALCHEM 30 Energy. unit were é1a331fied sentence by
. : | ‘

.

3
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A

sentence. Theprocedures described i\n Chapter 3 were followed to c:omplece

the class ification. The classification of the discourse provided a t;ocal of
. ‘\c
B

534 callies—35 % Empirical, 26 Z Prbcess 20 Z’Theorecical and 9 i

Pedagogical The remainder of the evidence for knowledge forms and K—Kw W
\\
triads is provided in Table 14 5 and s communicated graphically in Figure

) '
l
s

4.4, o - I I
f “‘
, For the second consecutive unit, half of the canegories (the\aame

\

half) ctallied three peércent or less each; 1.e., ecolfogical, ‘

\
-
. ' \ Ve
psychological, epistemological, reconstructional apd parochial. Tpe R
]

comparison of proportions of discourse in each knowled'ke form 1is. .‘
presented in Figure 4.5. The five high and the five low f4lling

categories are illustrated by the bar graph analysis. However, ga
. .

decisipn was made at that time to retain the five categories with the

Ca

-

lowest support from the discourse classified.‘ The criteria usged to

wake this decision were two-fold. First, there was no cost in research

\ . AR
}efficiencz (i e., ‘time and effort) to .retain these low scoring *

categories. Secondly, the units of textbook discourse classified in:
Stage 2 and Stage 3 were on the same topic—'thermochemistry. Stages 14-7

involved classifying the discourse in four units in t:he STSC Chenistry

10 textbook each with a different STSC emphasis. The researcher.relt

Ly

that at this time the five knowledge forms thac did not ge/c any action .
should be retained until a more adequage test of their existence could

be performed.

The evidence gathered by the classification_of discourse in the

1975 Energy unit revealed some new ptoblems with the taxonomy. Again
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Emghasis’and

Lo ’ ' ‘ T \ ( ‘ll
L Table 4.5 A
Initial Classification of Discourse in ALCHEM (1975) Energy Unit .
| Resultant _ Procedural Action . Total
Knowledge (K) Knowledge (KW) - | Required QE) .Tallies

Knowlédge Form

(), (%) ¥ () (R

) W X

i

The Epiatemdl&gical (k—KW—W) Triad

Academic . ) P o

1. Theoretical 92 17 R T - 107 20
2. Empirical 107 20 24 4 SN S6 10 113 21
. 3. 'Process 69 13 10 o 68 13 - 138 26
Applicaéidnal. S . ,'”‘

4. Applicacional 30" 6 0 0 2 0 326
5. Parochial o Yo 0. © o 0 . 0..0
6. Ecological, 71 0 . oo Yo
Pedagogical ’ \ .

7. _Redagogical %6 10 13 2 489
8. Psychological '0 0 o 0 P 0o 0 0 0
Imgliéit ‘ - : : '

9. Epistemological 11 2 o o B S RS
10, ggsdhstructional 0 0 0 0 I 1 0 1.0

L . .
Tétal: "r;;,ules- | M50 *'!“(?,6,\ | »27 5 » 157 29 534 - 100
e ,
‘
‘}i - By |

\
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‘Ptoportions of‘Kndwledge Forms Discovered
in the ALCHEM 30 (1975) Energy Discourae ‘
’ , ‘ Figure A 4 3 *
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Proportions of Knowledge Fo:ms Discovered -
‘in the ALCHEM 30 (1982 and '1975) Energy Discourse TR
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> the conflicting evidence was used to produce minor revislons of the

' {.&‘ ciassification system. 'l‘he tw\o apeas{of revi sion were definitions and

,|

v empirical knowledge found in the textbook discourse. Def initions within

s ‘ ‘textual discourse were classified in Stage 2 as communicational knowledgd )
\Q' N

(ComK), theoretital knowledge (The K) or empirical knowledge (Emp K).

However early in Stagt\. 3 definitions were classified as theoret tcal orx

g ' l ! e 4 ' -0 Iy ¥
empirical'or oonventionel (conveni‘ent ). This conceptualization was
i

: contnary to the communixt_y standard of referring.to definitions as .

“\
. conceptual or operational Ironically, a cammunicational dev‘ice such as a

. \ !

: definition waa redefined The criteria for making the decision to rename the
: i \‘ ‘ ‘ ‘
c'ategories of'definitions were multifold. ' - "y

1. The innemal consistencx of the taxonomy required ‘that empirical
il : L)

.knowledge in the form of d‘efinitions be cal’led empirical

g definitions and likewise w;th theoretical knowledge and
theoretical definitions. The fit was conceptually more pleasing. '

T v
Definiti'ons dould. be classified and' named just like any other

\

\ " statement classified by the taxonomy. .

' . Ty ' [ . '

2. For reas‘ons.‘o'f p‘edagggica‘i efficienc‘j,-the .teacher-—a'uthors“ of The

Author Group ‘felt. that the change should be made. The

C : . ep §temological teaching_ of The Author Group, including the
Lo o

e b ‘ . \ i
S ‘résearchfr, required their students to«classify scientific

g ". knowledge as - theoretical or empirical. The parallel between

D iten

theoretical and empirical knowledge and definitions worked well 1n

_*"the classroom with students. To S‘l‘sme-istry students and Iy .

Al

teachers it did not make sense to classifywknowledge as empirical

. .
e s R AN
LE L . A )n
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" . e b . . ! .
, i, v ' g . L SR '

K

and theoretical and'then to classify‘definitionalnknOwledge as

operationélandconceptualnThispracticalclassroomcfiterionﬁaenot

o . ' . , ' . . ‘F'
v‘.offici\ally part of the research design, but was included in many

.

decisions Thepractice-researchiqterfacewit&appearmanytimes

belowaszacontextforprovidingcriteriafordecisionmakingon ‘ .

v o . .
revisingtheclassiffcationsystem. - o W
3. Students, who epistemologically claseified theoretical and
‘empirical knowledge and ways of knowing, could further chett’

\ v N ' s

S

epistemological understandi;g of the underprnnings of scientific

LY

and technological knowledge by the logical consistency of -

referring to theoretical and. empirical definitions. For example

STSC Chenistty students were regularly\asked to claheify the,;ay."
of‘hnowing'that they were’or had b en emplo&ing tp‘create .
hnoyledge. lhii epistemological,actimity;yae enhanced~bf”the'
_renaming of classeslof‘definitional QnOwledge.

e

’Anothe7 relevant criterion introduced formally in the STSC

: Chemistry textbook involved the criteria for having a system of
communication accepted by the scientific community\ These criteria

X
} . for an acceptable COmmunication system were listed as’'l)
.international 2) precise, and 3) simple. The use of the terms
. o s,
,'theoretical and empirical were. judged o be more general if not

i”more international precise, and simple than the use of the terms

. -

conceptual an