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This study is about a mandated science curriculum change that inco~porated Science- 

Technology-Society materiai in a high school biology program for the Canadian province 

of Alberta. The "curriculum policy image" created by cUmcuium designers is compared to 

"teacher images" of that policy, in order to develop and refuie a due structure (Roberts & 

Russell, 1975) for detecthg features of the images. A purposive sarnpling technique was 

used to select seven veteran biology teachen for extensive interviews, with a view to 

obtaining ~ i ~ c a n t  variation in the display of teacher images. The theoreticai frarnework 

for the analysis cornes primady from the work of Goodson (1993), Aikenhead (1994), 

and FuIlan (1992). The refined clue structure is seen as useful for other researchers. The 

study also provides insights about the way teachen interpret curriculum policy in an 

educational jurisdiction where extemal examinations are required. 
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Chapter 1 

FOCUS AND DESIGN OF THE STUDY 

Broadly speaking, this study explores the relationship between science cumculurn and 

science teacher thuikllig. A major assumption is the commonly accepted view (some would 

say tniism) that teachers interpret curriculum when they teach, rather than just following it 

slavishly. Differences in interpretation are to be expected, then, and the study has two aims 

in that regard: (a) to expose a variety of differences in interpretation, and @) to develop and 

refine a "clue structure" (Roberts & Russell, 1975) for detecting such differences in science 

teacher talk. A clue structure is a heuristic device, or search engine, consisting of cnteria 

for linking intuïtively or conceptually possible distinctions to matters of practice - in this 

case, components of senior high school biology teacher discussion about how they 

implement a science curriculum policy. 

The sening for the study is the Canadian province of Alberta, specifically the city of 

Calgary, where 1 have been teaching biology for 27 years. In order to generate a diversity 

of viewpoints, 1 deliberately selected seven experienced biology teachen whom 1 know to 

hold different ideas - a "purposive" sample rather than a random or representative one. 

The selection was based on a pilot study, which indicated that the sample needed 

broadening. The pnmary data source is an extended interview with each of the seven 

teachers, concentrating on (a) reaction to ncw cunïculum, (b) view of the d e  of 

standardized provincial exarn, and (c) effects of demands on teachers. The clue structure 

draws prirnarily upon theoretical work by Gwdson (1993). Aikenhead (1994), and Fullan 

(1992), as explained in detail later. The study contributes insights not only about the 

differing views of biology teachers, but also about the reasons for holding those views as 

verified by the teachers themselves. 



Over the last 25 years, the Alberta biology curriculum has changed three times and the last 

of those changes was implemented in 1994. This last change was more radical than the 

previous two - involving changes in textbooks, course arrangement, and course content 

It also involved changes in the philosophy of how to teach biology, including the 

incorporation of STS (Science, Technology, and Society) as both a teaching methodology 

and as testable material for the Provincial Examination. STS is a world-wide inovement in 

science education discussed in more detail in Chapter 2. It is a cmiculum focus that 

essentiaiiy embeds the study of science in a fabric of social issues. 

Change has become an inherent part of education. Cutbacks, restructuring, and 

downsizing have affected teachers dong 6th a great number of other memben of Our 

society. Teachers are also bombarded by demands for change that originate both in and 

outside of the profession including the demand for co-operarive and collaborative leaming, 

performance and authentic assessment, individualized and independent instruction, thematic 

instmction, reflective practice, and constructivism. Al1 cal1 for a teacher's attention. In 

addition, there are dernands to make better use of the new computer technotogy and the 

intemet, to utilize the millions of dollars spent on new cornputers "upgrading" schools and 

the educational system in general. This sets the context for the change in the curriculum. 

Teachea, to survive, make a continuous set of decisions about what changes they should 

respond to and what changes they c m  ignore. 

A change in the prescribed curriculum is difficult to ignore. However, a change in 

the prescribed cmiculum does not n e c e d y  result in the same change occurring in al1 of 

the biology classrooms in Alberta. This difference between the curriculum as prescribed 

and curriculum as taught is an important aspect of the study of curriculum. Some teachers 



are resistant to change and this resistance is complicated by the teached perception of the 

value of the specifc change dernanded and its perceived impact on them and their students. 

Biology is seen by many as an "academic" science and as such is influenced by a 

parricular mindset that is cornmon to many teachers, students, parents, and administrators. 

This mindset concentrates on a body of discipliaary content, a certain degree of ngour in 

term of its teaching and leaming, and an extemal examination. Although this mindset has 

histoncal mots and is widely held, there is a considerable degree of variation in how 

different teachers interpret and react to i t  This variation in how teachen view their subject 

influences the teachers' reaction to changes that are mandated by a provincial govemment, 

in this case. 

For sorne teachers, an academic subject is one that puts a heavy emphasis on 

content and that content is strongly influenced by the history of the subject and by its 

development in univenities. Other teachers put an emphasis on the processes of science 

and on the development of the student. These teachen look more toward the world of 

work and to society in general for cues as to what is and what is not appropriate in their 

teachiog of the subject. 

However, any attempt to explore change and teachea' reaction to it requires a 

methodology to explore teachea' views. Part of the research methodology will involve an 

analysis of teacher t a k  lwking for specific "clues" that wiU help illuminate the tacher's 

position. This clue structure will be used to explore the relationships among (a) the 

teachers' philosophy of teachhg biology, (b) their reaction to change, and (c) their 

methodology of teaching STS. 



The data source for this study is a set of interviews of seven veteran high school biology 

teachers, who have an average of 21 years of teaching experience. Two of the teachers 

have expenence in research, two others have M.Sc. degrees, while another retumed to 

university for an unsuccessful attempt at a medical degree. The group is made up of four 

males and three females who teach in three different hi& schools in the city of Calgary. 

Four of the teachers are located in a large (2400 students) composite (academic and 

vocational) high school, one teaches in a new separate (Catholic) high school, and two 

teach in an inner city hi@ school that has a reputation for high academic standards. They 

were selected as a purposive sample: two for their academic reputations, two for their 

interest in innovation, and t h e  as representatives of "middle of the road" teachen. Al1 

seven have reputations as successful high school biology teachers. In the interviews, 

teachers were asked to comment about six areas: 

- academic and teaching backgrounds 

- teaching style 

- attitude towards refom andlor innovation 

- opinions about the old and the new cumculum 

- importance of STS 

- feelings about the Provincial Examination. 

The questions were suficiently open-ended to allow teachers a chance to expand on areas 

about which they felt strongly (see Appendix A for the list of questions). The objective of 

the i n t e~ews  was to get as much information as possible about the "images" of STS held 

by the teachen. 

The interviews ( 30-60 minutes) were taped, transcribed, and analyzed for specific 

"clues." The portions of the interviews that were used as dues and the teacher's position 



within the due structure were shown to the teacher to verify the researcher's interpretation 

of the discourse. 

The teacher selection and choice of questions were guided by a pilot study that 1 

canied out in May and June of 1997 at the high school where 1 was teaching. This pilot 

study involveci a senes of short (1520 minute) interviews of ten science teachea and 

resulted in the establishment of a very mugh clue structure. These data provided guidance 

in the selection of teachers with a sunicient diversity to meet the needs of this study and 

provided a valuable background in establishing a fomüit for the more in-depth interviews. 

c 
To further explore the variation of teachers' views of science and STS, 15 questions from 

an item bank based on the VOSTS (Views on Science-Technology-Society) instrument 

(Aikenhead & Ryan, 1992) were answered by each of the teachers in this study. The 

questions are shown in Appendix B. The specifïc questions that 1 chose came from tests 

given to a selected group of Ontario hi& school students in grade 10 and grade 12 as part 

of a research pmject commissioned by the Ontario Ministry of Education (Crelinsten, de 

Boerr, & Aikenhead, 1993a, 1993b). Although the results on the 15 items did not provide 

the discrimination 1 was looking for to verify my clue structure, the results do provide 

some interesting insights into the differences between the views of the teachen and the 

cumculum specialists on which the authors based their interpretations. There is value in 

discussing the results of this informai survey, because a major component of this study is 

the difference berneen the curriculum policy "image" of the curriculum policy makers and 

the image teachen have. This matter is discussed further in Chapter 5. 



e Structure of 

This document consists of five chapten altogether. Following this introductory chapter, 

Chapter 2 contextuaiizes the study in related general literature from two major areas (the 

history of biology teaching and curriculum change), and specifically examines 

documentation about the setting in which the study occurs. In Chapter 3, the issues facing 

teachers implementing a new science cumiculum with an STS orientation are systematized 

into a set of criteria, or "due structure," as a basis for d y z i n g  teacher talk in Chapter 4. 

The document closes with discussion and conclusions in Chapter 5. 



Chapter 2 

LITERATURE RELATEû TO THE STUDY AND SErrING 

Just because everything is different doesn't mean that anything has changed. 

- Irene Peter 

This chapter explores the sources of several tensions that are at the heart of the interview 

questions on which this shidy is based. The history of biology teaching itself is laden with 

tensions. Although no history of biology teaching in Alberta is available, much can be 

gleaned from its history in the United States (where such a history & available), 

supplernented by the history of Canadia. curriculum written by George Tomkins (1986). 

The tensions associated with curriculum change have been conceptualized from the point of 

view of classrmm teachen and the "school culture," and the most helpful of these accounts 

are reviewed. Fmally, the manifestation of al1 of these tensions in the 1994 STS-oriented 

curriculum in Alberta is examined by considering the world-wide attention to STS and the 

difficulties in d e f ~ n g  it, the Alberta definition and embodiment of it in the curriculum, and 

a somewhat personal account of some of the events surrounding these matten. The chapter 

is presented in three sections, followed by a brief summary. 

The following account of the history of biology teaching draws on research from Canada, 

the United States, and Great Britain, to establish the setting within which biology 

C U ~ C U ~ U ~  in Alberta has developed. The flavour of this section is heavily Amencan, for 

reasons that will become clear - namely, the similaxity between the developments in 

biology teaching in Canada and the United States. The influence of developments in Great 

Britain, especidly in the latter half of this century, has been less significant for Alberta (cf. 

Johnson, 1%8). 



3 l E h U h E  

Canadian science education at the end of the 19th century was a combination of natural 

history and naturai philosophy . "Eari y science teaching encompassed 'naturai history , ' 

i.e., the sirnplest elements of botany and zoology. including human physiology taught by 

means of object lessons. 'NatuxaI philosophy' chiefly meant the rudiments of physics and 

chemistry" vornkins, L986, p. 87). In Britain, in the early 19th century "biology hardly 

existed as an identifiable discipline" (Goodson. 1993, p. 41) and its growth at the end of 

the 19th century and the beginning of the 20th century continued to be slow because the 

material studied was not of any potentid economic value. 

The first high schwl "biology" courses taught in the United States were natural 

history courses, human physiology courses, zoology courses, or botany courses. These 

emerged pRmarily in the eastem United States between 1820 and 1850 and were basically 

academic in nature. Theu objectives were to encourage mental discipline, prornote the 

appreciation of "the hand of God," and prepare students for university studies (Rosenthal 

& Bybee, 1987). The human physiology courses in Canada a d  the United States were 

often used by temperance groups in the latter half of the 19th century to spread the word on 

the eviis of alcohol and tobacco (Popkewitz, 19û7, Rosenthal and Bybee, 1988, Tomkins, 

1986). 

According to Bibby (l972), the introduction and spread of a general biology course 

that brought together botany, zoology, and physiology was influenced by the work of T. 

K Huxley, who was diredy involved in the teaching of science teachers in England and 

who visited the United States in 1876. "Huxley, with his student Henry Martin, wrote A 

Course of I ~ t n i c h  o b  . . (1875) that advocated students be actively 

involved in the study of nature and laboratory activities" (Bibby, 1972, p. 66). General 

biology courses spread throughout Canada and the United States during the first 25 years 

of the 20th century, gradually replacing separate courses in physiology, botany, and 



zoology. In Aiberta s-cally, there was some turmoil about what school biology would 

be. It is worthwhile quoting Tomkins (1986) at length about this. 

As a new province, Alberta also illustrated the growth of biology and associated life 
sciences during the period. Biology was often introduced early as an outgrowth of 
nature study and as an element of general science. Ideally suited to the objectives of 
progressive education, its content nevertheless rerngned traditional and discipline- 
oriented, with an emphasis on memonzation and preparation for examinations. 
While botany, for example, was supposed to stress a practical knowledge of plants, 
it continued to stress forma1 classification. The leaniing of the structure, iunction, 
and relation of the rmt, stem, and leaves and flowers of typical plants and of the 
Latin names seems to have persisted for many years. As with elementary science, 
progressive ideas did have some effect by the 1930s. H.C. Newland (1586), 
however, saw such effect limited by the inertia of tradition, the "honorific value" of 
well established subjects, the vested interests of subject teachers themselves, 
univenity entrance requirernents, and, above all, the tendency of parents to support 
the status quo that they believed provided educational and vocationai advantages for 
their children. (p. 225) 

However, throughout North America, the increasing number of children who were 

attending high school with no plans for continuing on to university put pressure on 

curriculum designers to make biology more relevant to the general population. According 

to Bybee and DeBoer (1994), "It became more and more difficult to defend a traditional, 

disciplinary curriculum as preparation for life" (p. 368). Although there was little 

consistency in the cumculum of the biology courses, the debate between retaining an 

academic focus and making the courses more practical was widespread. "By the end of the 

fint  quarter of the îûth century, the framework of high school biology as we know it had 

become established. At the same t h e ,  the battle lines were laid down for a continuing 

debate about the proper orientation for hi& school biology: as a science of life or a science 

for living" (Roserithal & Bybee, 1988, p. 346). 

The Progressive Era of education (about 1917 to 1957) "was a period of 

c o n f i t i o n  of child-centered education, the importance of real world applications, the 

social importance of knowledge, and the need to make school leaniinp enjoyable and 

meaaingfd to the student" (Bybee & &Boer, 1994, p. 368). This era continued the battle 



between those who felt that the emphasis should be on subject matter and those who felt the 

emphasis should be on the student. 

Rosenthal(1990) describes a rift developed in the United States between 1920 and 

1950, between high school teachers and university biology professors. Research in 

medicine, genetics, and nuclear energy was changing the field of biology. At the same 

tirne, high school teachers were exerting their independence from the universities. High 

school biology texts that had traditionally been watered-down versions of college or 

university texts, written by biologists, were increasingly king written by high school 

teachen. Yager (1982) confinns this. "By 1950, biology was well established as a 

standard course in the cumculum of almost every Amencan high school. It had become the 

'tenth year' science course and was cornmonly used by students to complete graduation 

requirements. In most schools biology was taught with few laboratories Gd as a 

recitation-type course where the textbook found extensive use. Like other courses during 

the war years (1940s and 1950s), biology began to focus on applications of basic science - 

often in areas such as health, disease, nutrition, safety, substance abuse, and human 

systemsn (p. 328). In terms of their academic structure, the courses also focused on plant 

and animal taxonomy and on anatomy at the cell and organ level, but Pickard (1988) notes 

that the high school teachers of the time also felt the need to deal with emerging social 

issues: "The discipline of biology was beginning to zero in on genetics and evolutionary 

principles/theones to direct its advancement, while science education in the eariy 19% 

showed marked interest in the societal context of biology. The war philosophies of 

eugenics and race were becoming a focus of anti-scientific and anti-education opinionsn (p. 

338). These changes in high school biology drew strong criticism from university 

biologists in the- 1950s who felt that the schools were drifting away from what was really 

happening in the field of biology. 

So the tension between academic biology and student-centred biology was firmly 

set by the 1950s. Then a major shift occurred. 



Cold War Biolou 

Tomkins notes that in Canada there was Little enthusiasm for innovation in science teaching 

mtil the late 1950s and later, due to time and financial considerations, so Canadian science 

educators leaned heavily on extemal developments h m  the United States and Great Britain 

(p. 392). High school biology changed dramatically in 1957 with the launching of the 

Russian Sputnik satellite, since Russian "superiority" in science was interpreted by the 

Amencan government as the failure of an inferior science education system in the United 

States. The National Science Foundation (NSF), established in 1950 to support basic 

research and to impmve Amencan science education, was given fundimg to improve science 

education in the United States: (dong with other government agencies) the foundation was 

given $2 billion between 1956 and 1970 to develop new science cunicula to produce more 

scientists and a more scienMically literate population. "Individual projects were directed by 

prestigious scientists, cwrdinated by advisory boards composed of prestigious scientists, 

and wntten by scientists" (Duschl, 1990, p. 22). In 1959 the Biological Sciences 

Cumculum Study (BSCS) was fonned and Yager (1982) estimates that by 1970 BSCS 

materials were being used in over one-half the biology classes in the U.S. and in many 

oîher cIassrooms around the world (p. 329). During this time, Canadian provinces adopted 

these cumcula with Little or no modification, according to Blades (1994, p. 15). Tomkins 

(1986) paints the picîure this way. 

Most students in North Amencan schwls studied biology. Dale, a Canadian 
biologist, descnbed school biology as quite literally "a cut and dned subject." He 
cited Farley Mowat's puzzlement as a one-time student of the subject that the 
science of M e  was mainly concemed with dead &al matter. Courses had long 
purveyed unrelated facts about plants and animals, laced with elementary 
generalizations dogmatically presented. Students successfully passeci matriculation 
examinations on the bais of mernorizhg teacher dictated notes in the form of 
summaries of textbooks. 

To overcome the weaknesses noted, Canadian university and high school 
teachers collaborateci in designing new courses and matends based on the 
Biological Sciences Curriculum Study organized in the United States in 1959. 
Using approaches similar to those employed in the new chemistry and physics 
cumcula, the BSCS program was produced in "Blue", "Green", and "Yellow " 
versions, that respectively emphasized a He development, behavioral ecological 



and reproductive evolutionary approach. The "Yellow" version was the most 
widely used in Canada. AU versions highlighted methods of coilecting data and 
made use of living organisms in the laboratory, where half the allotted t h e  for the 
course was to be spent (p. 394) 

BSCS biology was heavily influenced in the direction of making school biology 

acadernic. The pmject was controlied by the Amencan Institute of Biological Sciences, a 

scientific society made up of professional biologists - some of whom were on the board of 

BSCS - and the materials were prirnarily authoreci by professional biologists. One of the 

objectives of the new biology was to create a course where students explored then current 

biological problems using the skills of a working scientist "This BSCS project was the 

fmt curriculum effort making a concentrated attempt to 'marry' real scientists with 

educators to produce an educational program geared specifically to the task of creating a 

scientificdly literate public. This biology program focused on 'doing science' by 

emphasizing the content and processes of science" (Pickard, lm, p. 339). 

The 1970s 

The 1970s saw a change in both society and science education. The Russians and their 

superior education system were no longer the primary concem. Social issues such as birth 

control, dmgs, evolution, race, and civil disobedience were of more concem and the NSF- 

sponsored science programs did not sufficiently address these issues. Blades (1994) 

alludes to Canadian studies in the 1970s that showed there was a decline in student interest 

in science as students entered high school (p. 24). Science courses that were heavily 

discipline-oriented becarne l e s  and less relevant Weich (1979) notes that evidence was 

accumdating in the United States that the new science programs were not accomplisbg 

the things they were designed to do, having Little impact on either s u e n t  interest or 

achievement. From 1977 until 1982 the NSF launched a series of studies to d e t e d e  the 

impact of the new science prograrns. The NSF Status Studies (generally referred to as 

Project Synthesis) are reported by Hams and Yager (1981) in a form intended for science 

teachers. Eisewhere, Yager (1982) comments as follows: 



1. Textbooks determineci the content, order, examples, and applications of 
material. They controiied teaching strategy (90% of the teachers used the textbook 
90% of the time). Teachers made few curriculum decisions other than selecting the 
textbook. The textbwks ernphasized new words or concepts (often as many as 30 
Per page)- 

2. Most teaching could be charactenzed as  didactic, with the teacher talking and the 
students listening. The inquiry method that was to be the hallmark of the new 
science courses was rarely found Most labs were used to demonstrate ideas 
already presented or to break the monotony of teacher lectures. 

3. The new courses were locked within their disciplines. Biology dealt with 
problerns in biology but did not address related problems or societal issues outside 
the discipline. (p. 33 1) 

The bottom fine was that the new science courses had not fundamentally changed 

the teaching of science and the objective for which they were designed - create scientists - 
was no longer a priorîty. 

he 1480s aqd 1990s - A Search for 3 , 

The failure of the expensive, high-profile cumculum revisions of the 1960s has left a 

vacuum that has yet to be fiiled. "Whereas the concem in 1952 was educating future 

scientists to produce technology, starting in 1982 the concern became educating al1 citizens 

to participate in the highiy scientific and technological world produced by the previous 

generationn (Duschl, 1990, p. 28). 

Cuban (1995) reinforces the point that in the histoy of science educatioa "two 

distinct purposes have vied for attention: to have students know bodies of organized 

scientific knowledge, and to create a science for living" (p. 4). He rnakes the claim that 

school organization mediates against science for living and that topdown control and the 

culture of the classroom work against student-centered education. "Student-centred 

approaches disturb the regularities of a practical pedagogy tailored to the contours of self- 

contained classrooms. Such practices are incompatible with existing noms, expectations, 

and beliefs held by most teachers about their authority to govern and the organizational 



structures within which they work" (p. 9). Indeed, researchers continue to fmd that 

science teachers are having trouble deaihg with the reforms of the 1990s. Researchers 

have found that science kachers are more resistant to change than their colleagues in the 

hurnanities and that their major concem is a lack of concrete strategies to operationalize 

d o m i  (Wasley, Domnoyer, & Maxwell; 1995). ûthers have found that even after 

workshops on new methodologies, science teachea revert to their old methods and that 

outside evaluation, peer pressure, and their own history prevent change (Yerrïck, Parke, & 

Nugent; 1997). 

At present there does not seem to be a dominant paradigm governing the teaching of 

high school science. Fifty years ago biology was viewed as a body of knowledge to be 

transmitted from one generation to another. The reforms of the 1960s created the view of 

the student as scientist with an emphasis on process skills, but there does not seem to be a 

"mindsetn emerging from the current re fom.  There are a number of contenders. One is 

the pst-modem view of science, and a move away from an objective "absolute" single 

reality (Pickard, 1988). It is unlikely that this view will get much sympathy from a p u p  

of high school science teachen whose education is in direct contradiction to this idea. A 

second possibility is constnictivism that focuses on how students leam and integrate 

knowledge. This area may have potential but most of the research seems to be limited to 

the primary and elementary levels, and very little useful matenal seems to be getting into the 

hands of seconClary school biology teachea. 

Another possibility is the emphasis on the relationships among science, technology, 

and society (STS). This paradigm has an historical comection to the naturd history 

courses of the early 1800s and the biology of the 1950s. It is also aided by a world-wide 

rnovernent and the official sanction of a number of the current reform movements (e.g., by 

the National Science Teachers Association in the United States). Lastly this emphasis has 

an appeal to biology teachers who are concemed about the sacietal issues and the advancing 

technology associated with current developments in the field of biology and, as has already 



been stated, the ultimate decision on how biology will be taught is in the hands of the 

teachers in the classroom- 

1 have deiiberately left the current science scene in the history of biology teaching 

up in the air. Before returning to this matter, I want to examine some promising ways in 

which curriculum change in general has been concephialized from the classmom teacher's 

point of view. 

1 grew up in a house that didn't have indoor plumbing. Getting water meant goiog to the 

pump up the hill and "going to the bathroom" meant a trip to the outhouse in the backyard. 

This was in the city of Calgary and I would like to think it wasntt that long ago. 1 now live 

in a house where two bathrooms are not enough and dishwashers, microwaves, and 

cornputers are "necestities." Society bas changed a lot in the last forty years or so but there 

are days when I walk down the hailway of a high school and I have trouble telling what 

decade 1 am in, let done what year. 

As a high school teacher for the last 27 years 1 have seen many changes. 

Textbooks change, the curriculum changes, Provincial Examinations come and go and 

come back again, and there is a more or less continual barrage of "new and improved" 

teachhg methods that are al leged to solve ail  our problems if we just foilow them. Society 

contindly changes, both matenally and emotionally. The last half of the twentieth cenhiry 

is characterized by its rapid rate of change and there is a continual demand that schools keep 

up. Why? The sirnplest answer to the question is that "when society has an itch, the 

schools scratch" (Cuban, 1992, p. 216). The schools are seen by many people as 

instruments of societal change and as  new problems anse in our society, the schools are 

handed the task of fuing them. When Russia launched Sputnik and appeared to have 

moved ahead of the United States in tenns of science and technological development. one 



of the results was a massive overhaul of the Amencan educational system, focusing on the 

sciences. Societal problems that range from AIDS and biah control to racial tension and 

gang violence have al l  been met by attempts to change the schwls to "fixU the problem. 

But considering the amount of change the schools have gone through, there is a certain 

"sameness" that still seems to pervade the hallways. Why is this? 

eachers Clon hg: with C h a w  

Cuban (1992) outlines the history of North American school change from the days of the 

one-room school to the present. This is a highly pertinent account for the present study, 

and 1 therefore want to summarize it here. He states that most of the changes have been 

extemau driven, beginning with the Progressive Movement at the end of the 19th centus, 

that attempted to solve the problems created by industrialism and the widespread poverty 

associated with it. This reform rnovement was not a single, organized group, but the 

people invoived shared basic concerm for the welfare of children and how they were 

tau& There were attempts to make cmiculum and instruction more rational and to rnake 

schools more efficient This last aim, Cuban says, was based on then cun-ent industrial 

and management theones and resulted in our current age-grade schools, which were 

bomwed from a Russian model. The  implicit theory underlying the age-graded school is 

that educational quality, efficiency and equity corne from uniformityn (Cuban, 1995, p. 7). 

In 1912 Franklin Bobbitt, a professor of educational administration at the University of 

Chicago, was the first to introduce the metaphor of the school as a factory. 

Other extemal factors that acted to change schools were the Cold War; legislative 

and legal decisions; influentid groups such as publishers, foundations, professionai 

organizations; and certain key individuals iike John Dewey, Edward Thorndike, and Ralph 

Tyler. To explain how these factors interact with the school, Cuban introduces the 

P id i s t i c  Political Perspective, which states what many teachers know: that the irnpetus 

for most change cornes from outside the school but its incorporation and maintenance is a 



function of govenunent As a result, change in the school becomes political in both its 

inception and its incorporation. 

However, Cuban continues, this perspective does not address changes that are 

initiated within schools or districts. Students, teachers. parents, and administrators al1 act 

to change schools by influencing extemal decisions or by initiahg changes that they deem 

necessary or beneficial. Although this level of organization represents a form of intemal 

change, it is more important for its ability to fesist change than to prornote i t  "To explain 

the durability in curricula, 1 use an organizational perspective. Districts, schools, and 

classrooms as organizations absorb externd pressures for change and convert them into 

routine add-ons compatible with existing practices" (Cuban, 1992, p. 217). In other 

words, as much as change is characteristic of the cuniculurn, so is the ability to resist 

change. 

Teachers in particular, Cuban notes, are often characterized as resistant to chan p. 

Many experienced teachers have seen many innovative programs corne and go. T h e  

pattern of how most innovations and proposals get adopted as refonns, soar, plummef and 

disappear is so familiar as to quaiify as a ritual" (p. 220). The result is that many teachers 

are unwilling to adopt innovations, particularly if it means giving up something that they 

are good at and trying somethllig different. As we shall see, the reaction of teachers to 

change is cornplex and at times aimost schizophrenic. The organizational demauds of 

teaching mean that most teachers fmd themselves in isolation, charged with mhtaining 

classroom control, motivating unwilling students, deding with student ciifferences, and 

delivering the curriculum in the premibed fashion. The result is often that teachers put a 

high premium on coping and surviving. "Coping means that teachea, even when they 

hold views about teaching and content inconsistent with what they do in the classrnom, 

construct a pedagogy that wiil pemiit them to survive and extract satisfaction from an array 

of expectations impossible to fulfill within existing structures" (p. 237). The result is that 

"even though incremental changes do occur and variation in cwicula exists, continuity in 



fundamental curricular beliefs, theories, organization, and delivery of content largely 

persistsn (p. 232). 

Some teachers seem to be able to deal with change better than others. Huberman (1992). in 

a study of what he calls the life cycle of teaching, noted that some teachers remaineci 

positive throughout the changes that occmed in their careers. He identSed three 

predicton of "positive focusers." These teachers focused their experimentation within the 

classroom rather than becoming involved in whole school or program changes, they shifted 

d e s  every four or five years to avoid becoming stale, and they experienced si@cant 

results in their teaching. Hargreaves (1992) pointed out that some characteristic patterns of 

relationship or foms of association, such as the "collaborative culture" found in many 

elementary schools, are more supportive of change and teacher development. 

Sarason (1971) examined the culture of schools and how they dealt with change. 

He paints a bleak picture of failure. "The more things change the more they remain the 

sarne - that is a recurring statement in this book, which in part is devoted to trying to 

understand why this is son (p. 2). "Teachers tend to teach the way in which they 

themselves were taught" (p. 76). Sarason, in coming to the conclusion that most attempts 

to change the schools have resulted in failure, does hold out some hope for the future. He 

points out  that we have underestirnated the complexity of the school system as a social 

system and that any changes will require a better understanding of that system. A study of 

the school faces two major obstacles that have been ignored in the past - one cannot study 

everything, and no observer is neutrd so one must recognize that fact In the î7 y- 

since the publication of this book we have made progress, but Sarason's conclusions 

remain an important guide to research. 

It seems clear enough that on the verbal and action levels most attempts to change 
anything in the school culture have as their direct or indirect goal the changing of 
some aspect of life in the classroom. That these efforts have generally failed is not 



attributable simply to faulty technique or to a particular group but rather to the ways 
in which we are accustomed to look at and think about life in the c1assroom ... If 
the more things change the more they remain the same, it is because Our ways of 
lwking and thinking have not change& This should not be surprising when one 
recognizes that the agents of change from outside the school culture are t m  
frequently ignorant of the culture in which the change is to be embedded, or if they 
are part of the culture, they are themselves victims of that very fact (p. 235236) 

Fuiian (1982) makes a nurnber of comments about educational change and its effect on 

teachers from a Canadian perspective. He points out that "in theory, the purpose of 

educational change is presumably to help schools accomplish their goals more egectively 

by repiacing some programs or practices with better ones" (p. 11). This is followed by 

two important questions - does the change have value? and is it technically well 

developed? These questions are used to evaiuate educational changes, and Fullan cornes to 

the conclusion that curriculum reforrn in Canada is often the resdt of public and political 

pressure and the results have often been the premature adoption of questionable programs. 

"1 have attempted to put the source of change in perspective by suggesting that innovations 

are not neutrai in their benefits, and there are many reasons other than educational merit 

which intluence decisions to change" (p. 22). He goes on to point out that "curriculum 

guidelines are the major policy documents in each of the ten provinces in Canada, but they 

are rarely clear about what a teacher would have to do to impiement them (Le. the 

procedural content)" (p. 1 12). Fullan proposes a mode1 of the change process: 

Initiation <+ Implementation <-> Continuation <-> Outcornes 

He then shows that initiation and implementation are complex and affected by a nurnber of 

factors, and that each step in the progression should provide feedback to the preceding 

steps. 

Like Cuban and Sarason, Fullan also explores a way to explain the effect of change 

on the classroom teacher. "When change is imposeci from the outside, it is bitterly 



resented. When it is voluntarily engaged in, it is threatening and confuing" (p. 29). As a 

resuit, he says, there is a tendency for classroom teachers to change as little as possible. 

When teachers are faced with change, they evaluate how to react using the following 

criteria: 
1. Does the change potentiaiiy adcires a need? Will the students be 
interested? Wdl they learn? 

2. How clear is the change in terms of what the teacher will have to do? 

3. How will it afTect the teacher persondy in terms of time, energy, 
new skills, sense of excitement and cornpetence, and interference with existing 
priorities? (p. 1 13) 

Fuilan acknowledges that teachers reaiize that current pro- and practices have 

deficiencies, and that most teachers continue to want change. However, for that change to 

occur, any reform will have to take into consideration the realities of the classroom, have 

recognizable value, and provide the level of technical development required for successful 

implementation and continuation. 

PeBods of reform and cmiculum change are difficult for students, teachers, 

curriculum designers, and almost anyone else associated with education. However, it is at 

these times, when the educational system is least stable, that it becomes most valuable as an 

area of research (Crocker, 1983; Clandinin & Comelly, 1992). It is during these times of 

change that everyone involved must examine what they hold "near and dear," and this self- 

examination provides a rich source of data for the educational researcher. In the present 

study, discussion with experienced teachers is set against a backdrop of recent curriculum 

change, to which they had to respond. I him next to a characterization of that change. 

As noted earlier, tensions between "a science of life" and "a science for living" have been 

pervasive in the history of biology teaching, translating respectively into an academic focus 



and a more student-centred focus. Science-Technology-Society (STS) has emerged wodd- 

wide as a major curriculum focus for science education, and its role in this study is highly 

t is S c i e n c e - T e c e - S e &  (US) T e a c h u  

"Science for livingn has found i ts most recent expression in the Science-Technology - 

Society (STS) movement, which is not ver- clearly d e f d  as a general tem (so 1 shall 

have to stipulate its Alberta definition). In fact, there are so many defintions of STS that 

Dennis Cheek (1992b) includes a chart comparing 29 general descriptors of what shouid be 

included in STS education, with 15 different definitions of STS from various authors and 

c ~ c u l u m  groups. Nevertheless, here is some representative commentary from three 

prominent spokespersons. 

Joan Soiornon, in her book T e a c b  Science. Technolom and Society (1993), 

States that "A neat way to begin this book would be to define just what STS (Science, 

Technology and Society) education is, or what it should be. In either case this would not 

be as easy a task as it might seem, since STS means different things to different people. 

This is largely because it has been developed for a range of important but historically 

disconnected reasonsn (p. 11). However, she does corne to the conclusion that science 

education should contain the following STS features. 

- An understanding of the environmental tbreats, including global ones, to the 
quality of Me. 

- The econornic and industrial aspects of technology. 
- Some understanding of the fallible nature of science. 
- Discussion of personal opinion and values , as weil as democratic action. 
-A multi-cultural dimension. (p. 18) 

Glen Aikenhead, in his textbook Reaso- Scieme and T e c m  * .  

0 x)RST) (1991) used by Saskatchewan grade 10 students, Links the objectives of the 

course to " scienec literacy " w hich includes " Science-Technology-Society-Environment 

Interrelationships: The science-literate person understands and appreciates the joint 



enterprise science and technology and the interrelationships of these with each other and 

with other aspects of society and the environment" (p. fi). 

According to Yager (1992), the U.S. National Science Teachers Association has 

defined STS as the teaching and leaming of science in the context of human activity and has 

Iisted eleven features of STS programs: 

1. student identification of problems with local interest and impact; 
2. the use of local resources (human and material) to locate 

information that can be used in problem resolution; 
3. the active involvement of students in seeking information that can 

be applied to solve real-life problems; 
4. the extension of learning beyond the class penod, the classroorn, 

the school; 
5. a focus upon the impact of science and technology on individual 

students; 
6. a view that science content is more than concepts which exist for 

students to master on tests; 
7. an emphasis upon process skills which students can use in their own problem 

resolution; 
8. an emphasis upon career awareness-especially careers relate to science and 

technology; 
9. opportunîties for students to act in thes communities as they attempt to resolve 

issues they have identifed; 
10. identifcation of ways that science and technology are Likely to impact the 

future; 
11. some autonomy in the leaming process (as individual issues are 

identifieci and considered). (p. 2) 

This set of charactenstics is highly student-centred, and its endorsement by such a 

prestigious organization is powerful support for student-centred science teaching. In a 

thinly veiled critique of the academic approach Yager (1996, p. 18) Lists the "real problems 

in school sciencew as: 

-the textbook is the source of neady al1 infornation 
-information is incorrectly justifed as necessary for the next course 
-the impact of science information on the lives of students is omitted 
-teachers view themselves as sources of information 
evaluation is based on vocabulary and information recall 
-science is restricted to what occurs in the classroorn. 

in further pressing the justification for STS, he states that science courses using societal 

issues as organizers would solve most of these problems and would be more motivating, 

thought-provoking, and educationally valuable for the student. "Most people are fascinated 



with the unlmown, genuine problems, and complex issues. Few recognize such actions as 

decision making, probing, debate, and conflict as having any relationship to science. And 

yet, in excess of 90 per cent of ail societal issues today are grounded in science/technology 

and require such actions" (p. 19). 

In Canada the gmwing interest in STS education became fonnalized with the 

Science Council of Canada's report (1984a) titled Science for Evev S t u d a  The 

Sumrnary (1984b) of the report opens, "The citizens and decision-maken of tomorrow are 

in schools today. Are they getting the science and technology education they will need in 

the 1990s and beyond?" (p. 14) The Report was based on a study of the then current state 

of anairs in Cauadian science education, and one of the fmdings was a gap between 

provincial ministry educationai objectives and the reality of the classroom. Provincial 

guidelines were criticized as being imprecise and lacking in prionties, and "ministerial 

guidelines are silent about how teachers can evduate growth in creative imagination, critical 

judgment, or an understanding of responsible citizenship" (1984b, p. 16). 

The Summary states that "Teachers give pride of place to objectives on content, 

scientific advances, the development of scientific skills, and the social impact of scientific 

and technological activity. At al1 levels they stress knowledge of facts, concepts and laws, 

and the leaniing of skills and research methodsw (p. 16). This suggests an academic 

orientation to school science courses, whereas the Science Cound, on the basis of tbis 

study, advocated strengthening STS. Teachers reported that the main obstacle to teaching 

effectiveness was the pressure of time and they "say that they are pressured by the cmicula 

and examinations of ministries and school boards, which force them to cover the largest 

amount of materid in the shortest possible time" (p. 16). 

The report made a large number of recornmendations that were aimed at the 

irnprovement of science education in Canada in general, and increased emphasis on STS 

education in particuiar. Among the recommendations to Ministries of Education were: 

1. Ensure science courses present a vaiid picture of the nature of science 



2. Emphasize the science-techno10~-society connection 

3. Develop courses in technology 

4. Require that evaluation of student achievement be in line with aii  objectives 

It will becorne clear in the next section how these recommendations had an Muence in 

Alberta. 

In Alberta, the incorporation of STS into the science cuniculum began with the Secondary 
. . 

Education Review in June of 1985. The Secondarv Fxlucation 1~ Alberta: PoIicv State- 

(Government of Alberta, 1985), under the heading of Guiding Rinciples for Secondary 

Education in Alberta; Principle #3, states that 

Secondary schools must prepare students for responsible citizenship in a society 
which is changing constantly. The best preparation for students to enable them to 
anticipate and shape the future is a broad general education with emphasis on cntical 
and creative thinking, communication, personal developmenf science and 
rechnology (italics added), and an understanding of the comrnunity. (p. 8) 

Under "Planning New Secondary Education Programs," the headinp Technology includes 

this statement 

The knowledge, skills and attitudes relevant to advances in technology and its 
utilization will be intepted into secondq  school courses wherever appropriate. 
An awareness of the advantages and limitations of technological developments, 
their impact upon society, and the ability to use selected technologies to enhance 
learning and prepare students for curent and future demands of society, are of such 
importance that al1 secondary schwl teachers w u  be expected to plan and 
incorporate this component into instmctional prograrns. (p. 16) 

This led to a revamping of the secondary science curriculum that was, at les t  

initially, guided by Poposal for Chgn, oe- Senior Hi& School Sc ience (1986) by Phi11 

Campbell, Program Manager - Science Senior High School. This document states that 

"change in the science program is needed in order to better prepare students with a 

scientific-technologicai li teracy background and the essential skills, knowledge and values 

that they will need for living in a future society" (p. 1). In addition to outlining the need for 



a new general science program, this report calls for science courses that "provide 

opportunities for dl students to aquire a scientific and technological literacy backgroundn 

(p. 1). It also acknowledges that the changes outlined are in response to global trends in 

science education that are aimed at achieving "a more encompassing scientific literacy for all 

students than the Sputnik generated p r o g r a d n g  that is in place at present throughout 

North American (p. 3). 

The definition of STS used by Alberta Education varies siightly from course to 

course and there is dso some variation between Programs of Study and evaluation 

documents. A general statement is inciuded in the introduction to STS Science Education - 
ucation (Alberta Education, 1990), a monoegaph 

produced by the Curriculum Support Branch of Alberta Education. It States that: 

The STS approach strives to broaden the scope of science education by integrating 
into the science program accurate presentations of the nature of science, the nature 
of technology and the interactions of science and technology with each other and 
with society (p. 1). 

The monograph discusses how STS should be integrated into the curriculum using 

the mode1 of "cumculum emphases" - that is, contexts for the science subject matter - as 

outlined by Roberts (1982). Science, Technology, and Society are treated as separate 

emphases and each is broken down into a number of components that include knowledge, 

skills, and attitudes as well as interconnections between the emphases. The complexity of 

the outline presents a number of problerns with the implernentation of STS in the 

classroom. As weli the monograph points out that "as the standard science content 

increases, there is usually a corresponding decrease in the extended STS content" (p. 5) - 
that is, any increase in one may result in a decrease in the other. 

The required shift is from courses that are somewhat more academic to those that 

emphasize STS. 

Science courses in Alberta secondary schools have traditionaliy contained a high 
percentage of scientific knowledge; Le.., concepts and descriptions. However, over 
the years the actual program of studies in Aiberta's classroorns has evolved to 



include a p a t e r  emphasis on process skills and technological applications. In the 
proposed programs of studies for science, traditional curricular emphases continue 
to be prominent (p. 5). 

The problem that emerges is, even though traditional cmicular emphases continue to be 

prominent, can process skilis, technological applications, and STS al1 be added without 

senoudy eroding course content in tems of scientific knowledge? 

A major snidy (Bybee, 1991) found that science teachers in general are aware of 

and support the implementation of STS, although many teachers do not translate the 

policies into practice. Bybee also reports that the actual implementation of STS was 

influenced by time, resources, knowledge, and teaching expenence, as weli as teachers' 

concems about content, the grouping of students, evaluation, frustrations with students, 

and confusion about the teachers' role. 

The development of a series of integrated science couses for Grades 10, 11, and 

12 (called Science 10-20-30) for Alberta high schools provides a number of useful 

observations about teachers and the introduction of STS. ( Science 20 and 30 are intendeci 

for students not planning to enter science in university.) B. A. Knill-Romanyshyn and S. 

Kilian-Shm were part of the Alberta Education Science Team that worked at 

implementing the new programs. Kruli-Romanyshyn (1996) examined the difficult 

process of providing inservice as teachers, many of hem reluctantly, went through the 

process of change. Kilian-Shm (1996) used a series of questionnaires and interviews to 

gain an understanding of what it was like to be a tacher implementing the new integrated 

course for grade 10 (Science 10). Along with many other observations, she noted that 

although teachers, in general, supported STS and students enjoyed its relevance, the 

teachers did not incorporate it to the degree that they wanted due to a lack of confidence in 

their knowledge and the scarcity of relevant resources . Teachers also reported that STS 

"issues" created special problems for them. In addition to a lack of resources, teachers also 

felt they did not have the appmpnate teaching strategies, so when t h e  became a problem, 

issues were dropped in favour of content. "The issues aspect of STS is avoided by many 



teachers because of its complexity and the need to provide u p t d a t e  resources and develop 

alternative strategies in the classroornTT (Küian-Shm, p. 116). 

The introduction of STS into Aiberta secondary schools is an important refonn of 

the science cumculurn. However, iike most other changes, there is a ciifference between 

changing the intended curriculum and changing the actual and the learned curricuium. As 

noted earlier, schools, classrooms, and particularly teachers characteristically resist change. 

Actual implementation of STS depends on many of the factors that govem both the culture 

of schools and the culture of teaching. 

erta s Riolow 20.30 7 

1 became personally involved in the current round of curriculum change in March of 1981 

when 1 was asked to become a member of the provincial Biology U130 Subcommittee that 

would examine the current biology program and make recommendations for change. 

(Biology 20-30 is the name of a two-year sequence of courses intended for Grades 11-12.) 

This cornmittee was made up of ten teachers from around the province of Alberta and had 

the following ternis of reference (from: Letter to Mr. Gordon Jasper from Lloyd E. 

Symyromm, Director of Curriculum, Alberta Education, March 13, 1987). 

1. Develop content statements, curriculum specifications and criteria for resource 
selection 

2. Select initial Iearning resources for field testing 

3. Develop curriculum guides and other related documents (or contract these 
assignments to appropriate persons). 

This subcommittee met numerous times from March, 1987 until June, 1989 and developed 

a draft Program of Studies for Biology 20-30. Part of our mandate was to incorporate STS 

into the new Program of Studies. At our first meeting we decided that there were five areas 

that should be critically examined (from: Minutes of Senior High Biology Subcommittee - 

March 25-26, 1987). 



1. Concepts: There is a perceived need to re-examine the broad general areas. 

2. The Nature of Science; Process Skills. 

3. Science and Technology. 

4. Science, Technology and Society. 

5. Interest (Invoives student motivation, interest and further 
education). 

During the next meeting (October 13-14, 1981) the major areas of concern were 

course content and process skills. STS was not discussed. During the March 8-9, 1988 

meeting the following points conceming STS were raised (from: Minutes of Senior High 

Biology Subcommittee - March 89,1988). 

1. The introduction of the Science 10 [Science 10 is an integrated science course 
that includes material from the major scientific disciplines and is madatory 
for most grade 10 students] course will have the following effects: 

a. The changes may result in raising the acadernic level of Biology. 

b. Loss will be tirne on task in a spefic discipline: gain will be in total time 
for science. 

c. How biology wili be affected: 
-Bi0103 is currently being taken by many of the students who will 
be taking Science 10-20-30. [Science 20 - 30 was proposed as an 
alternative to the courses in the three disciplines.] 

-The introduction of Science and Technology - a low level science 
in British Columbia showed an increase fmm 6 000 students in the 
first year to 9 000 students the second year with M e  or no drop in 
enrollment in other science courses. 

- The change to Science-Technology-Society mode1 will require 
changes in the curent Biology program. 

2. The fmal aims for a new biology course should be: 

a. A good biology course 

b. An understanding of the nature of science 

c. An examination of various societal issues 

d. An introduction and use of appropnate technologies 



3. The 80% Core - % Eiective format will be incorporateci into the 
new Biology program. 

4. Discussion on the relevance of the elective portion of Biology 30 

- We are at a crisis stage 

- We must show the relationship between Science and Society 

- Scientists today have no idea of their importance or role in society. 

Although the incorporation of STS into the new biology c ~ c u l u m  was part of the sub- 

committee mandate, it was nota major area of concem in Our deliberations. STS was seen 

to be appropriately the major focus of the new Science 10,20, and 30 courses. STS 

introduction into Biology 20 and 30 would result in leu  thne for the basics. Also removal 

of "lower level" students into Science 2û and 30 (students not going into science specialties 

in university) would result in inaeased pressure to maintain the academic nature of the new 

biology course. Such was the sub-cornmittee's reasoning. 

Between the presentation of the second d d t  of our proposed cumculum in 1989 

and the piloted curriculum in 1992, many changes were made. A great deal of contmversy 

sumounded the curriculum changes, with criticism corning from both within and outside of 

the educational community. By 1992 the biology subcommittee had been dissolved and the 

completion of the cuiculum had been contracted out to a single individual. The decision 

process that led to the final draft of the cumculum, and the rationale behind it, were not 

made public. One of major changes was the positioning of STS objectives. In the 1989 

Biology 20-30 IMt, under the heading of "General Learner Expectations" (Le., major 

objectives); "Science and Technology" and "Science, Technology and Society" were 

separate Concq& sections. Then, under thè more detailed "Specifc Leamer Expectations," 

technology concepts were treated equally with "core" science concepts. In the September 

15,1993 Biology 20-30 Program of Studies, under the heading of "General Learner 

Expectations," there is only a single heading for Science, Technology and Society, and 

under Specifc Learner Expectations, there is a section called "STS Connections" which 



consists of little more than suggestions for teachers. The result of these changes is to de- 

emphasize the importance of STS within the Rogram of Studies. 

Assessrnent is a key component of any curricuhm, particularly a new one. Eisner (1993) 

points out that assessment is now the more popular tem, used instead of the older term, 

evaiuation. He lists a nurnber of functions of assessment that 1 f i d  applicable to the 

introduction of a new curriculum with an STS focus. Three of the functions are " to 

determine whether course objectives have been attained," "to provide feedback to teachers 

on the quality of their professional work," and to "focus on the quality of the programme 

that is being provided" (p. 225). These functions are important at two of the Ievels that 

assessment occurs -- the classroom and the province. 

Classroom Assessrnent 

When examining assessment of the Biology 2G30 courses, it is important to keep these 

two levels in mind. At the classrwm level, the tacher has the professional obligation to 

make assessments of the students' levels of competency to provide feedback to the shident, 

the parents, and the educational establishment There is an increased pressure to make this 

assessrnent using a wider variety of strategies. The Calgary Board of Education has 

outlined the direction they wodd like to move in a position staternent relessed in October of 

1993 caiied Toward a Preferred Future: A S W S W  FOR-Cr. This 

statement is based on the same Eisner paper quoted above and it caiis for changes in the 

way teachers assess their students. It states "in addition to tests and examinations, we need 

many other forms of assessment so that we can work effectively with students on a day-to- 

day basis to help them develop the cornpetencies and attributes that will ensure their success 

as leamers, now and in the futuren (p. 8). The statement goes on to suggest that 



assessment practices should involve the students in seIf-evaluation, include more 

application of knowledge and skills to real-He situations, assess students individually and 

in groups, and allow the students a choice in how they are to be evaluated. It should also 

be noted that this policy statement stresses the importance of the standardized testing that is 

Camed out by both the Calgary Board of Education and the Province of Alberta. 'These 

forms of assessment give us information about some important learning outcornes that can 

help us mooitor and improve the effectiveness of our programs" (p. 12). 

Assessment is in the process of re-examination, not only assessment of the student, 

but also assessment of the program and objectives being taught, and the way they are king 

taught by the individual tacher. It is interesthg to note that the changes in assessment 

k i n g  recommended at this t h e  focus on the classroom and seem to leave untouched the 

extemal, "objective" evduation system of the Calgary Board of Education and the 

province. 

The province of Alberta, through Alberta Education, has a series of Diploma Examinations 

that are to be written by students at the completion of a number of the "academic" 30 level 

(Grade 12) courses, including Biology 30. The Biology 30 examination is 2 112 hours in 

length and is made up of 48 multiple-choice questions (60%), 8 numericd response 

questions ( 1 WO), and 2 written response questions (3 WO). The results of this examination 

count for WO of the student's final mark in the course, with the other SEO coming from 

the teachets mark for the year's work. Each time the examination is adrninistered, an 

"Information Builetin" is released in advance for teachers, parents, and students. 

( Alberta Education, 1996) states that the examination will have a 20% - 30% 

emphasis on "Connections Among Science, Technology, and Society (STS)" (p. 9). One 

of the wntten response questions has been designated as the "open response" question and 



has traditionally been considerd as the "STS question" as opposed to the 'klosed- 

response" question that traditiodly tests scientific process skills. The STS question 

counts for 15% of the examination and the remaining 5% to 15% of the STS emphasis is to 

be drawn from multiple choice or numerical response questions. The 1996-9'7 Bulletin 

includes the following new information. 'The open-response question presents a problem 

a h  based on carrent research that requires students to make connections between 

biological concepts, technology, and/or social issues. Furthemore, an acceptable response 

will demonstrate g w d  communication skills" (p. 11). The Bulletin lis& the STS objectives 

or General Leamer Expectations (p. 9). 

The student cm:  

- apply cause-and-effect reasoning to formulate relationships in which 
scientific evidence shapes or refutes a theory; and explain the limitations of 
science and technology in answering ail questions and solving al1 problems 

-describe and evaluate the design and function of technological solutions to 
theoretical and practical problems; and relate the ways in which science and 
technology advance one another 

-evaluate from a variety of perspectives how science and technology are 
innuenced and supported by society; and assess the ability to interact 
responsibly with the environment. 

-apply the skills and knowledge acquired in science to everyday Iife and to 
related and new concepts in pst-secondary studiw of biology. 

These objectives are similar to the STS objectives stated in the 30 Program pf 

Studiw. The program of studies includes STS Connections for each major concept. For 

example, for the major concept "Communities are made up of populations that consist of 

pools of genes from the individuals of a species," the STS Connections are: 

"Students shouid be able to demonstrate the interrelationships among science, technology 
and society, by: 

-unders tanding that communities consi st of po pulation-specific gene pools; and 
explainhg the signifcance of the Hardy-Weinberg equilibrium and the molecular 
basis of gene pool change over t he ;  and by applying and interpreting the Hardy- 
Weinberg equilibrium, and performing experiments to demonstrate population 
growth, within the context of: 



discussing the implications of the introduction of exotic species in an ecosystem 
where n a d  predators do not exist, and methods to deai with situations anshg 
therefrom 

or 

-debathg the d e  of ecological reserves in preserving our natural heritage 
or 

-assessing the d e  and importance of models in science to explain obseniable 
phenornena; e.g., the Hardy-Weinberg equilibrium 

or 

-any other relevant context. 

It is interesting to compare this format (currently in use) with the 1989 draft pilot 

(Alberta Education, 1989, January 04) where the STS concepts are quivalent to 

other objectives. In this original draft of the Rogram of Studies, each unit had a Rimary 

Emphasis (the Foundation of Knowledge in the Biological Sciences) and a Secondary 

Emphasis (either Nature of Science; or Science, Technology, and Society; or Science and 

Technology). The Specïfic Learner Expectations included Attitudes, Skills, and Concepts. 

STS concepts were equivaleni to other concepts in the proagam. For example, one of the 

concepts was 'Treatrnent of serious kidney disorders sometimes poses moral problems" (p. 

14), and students were expected to ''Discuss the pros and cons of priontizing patients for 

kidney transplant operations" (p. 14). In the 1993 format, STS connections are a separate 

component from the Knowledge and Skills components of a Major Concept. The sub- 

headings under "STS Connections" are usually STS orientations of the Major Concept, but 

by using the format of having separate STS Connections and having the tacher choose 

which orientation they find most suitable, this material becomes difficult to test objectively 

in terms of content. 
. . 

Demis Cheek, in J?v-J ~ a -  STS Education (l992a), points out that 

"limiting assessment to a set of pend and paper, multiple-choice type items tao nmowly 

constricts the scope of STS education and fails to capture valuable learning by students" (p. 

66). He goes on to say that "an overall district or building-level STS assessment plan 

should integrate the use of written reports, group and individual presentations, interviews 



of students and groups of students, technological design projects, student action plans and 

self-evaluations, observations of students in role plays and simulations, homework, 

student joumals, standardized achievement tests, portfolios of student work, critenon- 

referenced tests, take home tests, extended problem-solving projects such as field 

investigations and performance tests" (p. 66). This latter suggestion fits in well with the 

new Caigary Board of Education Assessrnent Proposal, but not into the current provincial 

testing plan. 

The multiple-choice format has the advantage of a long track record in Alberta 

testing, and it is relatively cheap to produce and mark. However, as Cheek has pointed 

out, this format does not lend itself to assessing STS objectives. The wntten response 

section of a test does allow students to express their understanding of the relationships 

among science, technology, and society. However, in the past, the Student Evaluation 

B m c h  of Alberta Education has aiways had this section marked by teachers who have 

been given a very specifc key as to what qualifies as the "right" answer, even though this 

does not seem to fit with the Cumculum Branch's desire to develop the attitude of "open- 

rnindedness and respect for the points of view of others" (p. 3) as expressed in the Bi 01 oay 

20-30 Promm of S t u d h  (Alberta Education, lm). Allowing students to express their 

opinions would increase the problem of inter-rater reliability, and would demand a more 

time-consuming and expensive system of rnarking. Therefore it is more likely that the 

written response questions will emphasize content that is easier to mark, as opposed to the 

more open-ended issues questions that allow students the opportunity to express opinion. 

We are, at present, in the process of implementing the new science curriculum in the 

province of Alberta that includes an STS emphasis in each of the courses. However, there 



seems to be some evidence that al1 of the time, energy, and money that has gone into this 

project will not produce the hoped-for results. Some kachers are concerned that the new 

science program focuses on the amount of core content in the courses and there is a lack of 

time available to meet all of the expectations listed in the programs of study. In addition, 

teachers are concemed about how the matenal wili be tested on Pruvincial Examinations. 

Both of these concems echo the problems that were noted in the Science Council of 

Canada's study from 1984. The situation has not changed; the main obstacles to effective 

teaching are still time and examinations 

As Solomon (1993) has pointed out, there are critics of the STS movement. "Its 

severest critics see STS as a disreputable rival to 'valid' science. STS, they Say, is 

concerned with the opinions of lay people, the arguments of politicians, the economics of 

profit-making, and the emotions of those who know little about science" (p. 11). The 

introduction of the new curriculum was a good illustration of this criticism. Academics, 

particularly those from the University of Alberta, attacked the new emphasis on STS as 

king social science masquerading as science (Panwar & Hoddinott, 1995) and their 

criticism spread to the media (MacDonald & Byfïeld, 1989) and to the general public. 

Many teachers had reservations about the new direction that was proposed for science 

education and ultïmately the criticism resulted in the modifieci STS emphasis that we now 

see in the curriculum. For some people (Blades, lm), this attempt to reach a compromise 

between acadernic science and STS resulted in a program that fulfiUed the objectives of 

neither. 

Part of the problem with the implementation of STS is the fzct that the hi& school 

science teachen of Alberta are getting older. The average age of high schwl teachers is 

going up and although most of these teachers are extremely professional, they have seen 

c ~ c u l u r n  change before and many have become cynical about whether or not these 

changes will be worth al1 the effort. As Roberts (1983) points out, 



Cuniculurn emphases go in and out of fashion. Economic, cultural, and 
nationalistic factors are among those deteminhg which emphases are present in the 
school science pmgrarn at any given time. The emphases are selected, then, and the 
process by which the selection occua is a political one. Thus it is not the case that 
there are some 'correct' emphases and other 'wrong' ones. Each is a legitimate 
candidate for choice. (p. 14) 

This reasoning can also lead to the conclusion that each is a legitimate candidate for 

ignoring. Today's biology teacher in Alberta may de-emphasize STS because of the sheer 

mass of refonn that is included in the proposed program of studies. In addition to STS, 

biology teachers are asked to continue the development of process skills, incorporate new 

methods of assessrnent, work within the new "spiral" c ~ c u l u r n ,  use a thematic approach, 

use computers and laser disks in the classroom, increase student involvement, and teach a 

new, updated core of knowledge. 

The Iast, and maybe most important factor in determining the future of STS in 

Biology 2û-30 is the role of provincial assessment. One of the topics of discussion at the 

sub-cornmittee meetings at the beginning of this process was the importance of the 

relationship between curriculum change and evaluation. It was widely believed, at that 

time, that unles evaluation reflects change in the curriculum, the change will not take place 

(at Ieast not the change intended). For this reason the sukommittee included one member 

who was from the Student Evaluation Branch of Aiberta Education. 

At the present time the examination results are being used to judge not only 

students, but also teachers, schools, and school boards. The increasing pressure for 

students to have high marks to enter universities affects teachen' &y-to-day decision 

malring. One of the decisions the teacher has to make is how much to emphasize STS, and 

one of the most important factors in making that decision is - will the Provincial 

-nation support STS implementation? At present, there is littie evidence that the 

Provincial Examination has supported the large scaie changes implied by STS. 

Teachers are caught between the emphasis on core content and process skills that 

they see beinp signaled by examinations, and the STS Connections that they see stressed in 



the Biology 2@30 Program of Studies. What we have here is a teaching dilemma 

(Brickhouse, 1993). a "conflict filled situation that requires choice, because competing, 

highly prized values cannot be fuily satisfied" (p. 117). In the Brickhouse paper, the 

teacher (David) is caught in the same dilemma as Alberta biology teachers. He must choose 

between introducing STS into his classes or maintainhg his previous level of academic 

content He handes the confiict by teaching STS to his colIege-bound students and leaving 

it out of his more academic honours cIasses. This is not an option for Alberta biology 

teachers whose classes are made up of students with a wide range of abilities and future 

plans. This means that, for Alberta biology teachers, coming to ternis with the dilemma of 

academic content vs. STS does not have an easy resolution. 

This chapter has explored the sources of a number of issues forming the background for 

the interview questions posed to the seven teachers in this study. The histoiy of biology 

teaching in gened displays a continuing tension between loyalties to an academic 

oientation - "a science of He"- and a more student-cenind orientation - "a science for 

living." The latter has found its expression recently in the STS orientation to science 

cumculum, introduced in Aberta beginning in 1985, and culminating in a new mandated 

Program of Studies for Biology 20 and 30 in 1995. It is this curriculum change, with its 

attendant complexities about structure of curriculum guides, student assessment, use of 

classroom time, and other matters of concem, that foms the basis for discussions with the 

teachers. In Chapter 3, these issues are systematized into a set of cnteria, or "clue 

structure," capturing conceptually possible positions teachers might hold about these 

matters. 



Chapter 3 

TIHEOREïICAL CONSIDERATIONS iEADING TO A CLUE STRUCWRE 

This chapter develops several theoreticai ideas as a basis for the analysis of interviews with 

teachers, pressing those theoretical ideas toward a set of criteria, or %lue structure," for 

detecting how experienced teachers' positions differ on signifcant issues associated w ith 

the cumculum change under study. Four major ideas are examined. (1) The nature and 

status of a curriculum policy are considered from the perspective of the demands a policy 

makes on classroom teachers, especially in light of the communication of a "policy image" 

about the intentions of the policy makers. (2) The teacher's "image" of the intentions of the 

curriculum policy is focused on what is possible, compared to what is required. (3) 

Teacher attitudes toward change generally are explored on the bais of Fullan's work 

(1992). (4) Specific aspects of the change demanded of Alberta biology teachers are 

examined according to several perspectives that shed light on those demands. 

m a t  is a "Cumculum P o l i c y ~ a ~ e " ?  

In Canadian provinces, the science curriculum, as put forth in the Program of Studies, is a 

Legal document that outlines each course and, to some extent, tells how it should be taught. 

A "curriculum policy image," as Roberts described it (1998), is created by the Rogram of 

Studies of some educational jurisdiction "in order to communicate with its teaching force 

what is to count as science education in that jurisdiction" (p. 1). The policy image is what 

the designers of the cumculum are Qing to communkate: the objectives, content, skills, 

and emphases that the tacher will ultimately deliver in the classroom. Science curriculum 

policy has a number of characteristics, according to Roberts. 



1. It expresses a point of view about what counts as science education. 

2. It is not the product of research and theoretical reasoning but is the product of 
practicai reasoning. 

4. It is made by people who have a legislative mandate. (pp. 2-3) 

In Alberta, science curriculum is reviewed on a ten-year cycle. In 1984, only minor 

revisions were made to the 1974 curriculum, but the 1994 revision resulted in major 

changes. Many factors determine the degree to which such a program will change, 

especially factors that relate to the changing the province's view of what counts as science 

education. The history of science education outlines the changes in science and society that 

are reflected in the changing cumculum. The 1994 change in the science cumculum is well 

documented from an insider's perspective by Panwar and Hoddinott (1995). The authon 

outline one of the driving forces in curriculum change as a "diffuse dissatisfaction with 

education's capacity to deliver economic goals" (p. 506). In terms of science education, 

this translated to a goal of this sort: "for a society to remain economically viable more 

engineers and scientists ('doers') are needed. Schools and school science programmes 

must do their share in motivating more students to take science programmes and better 

preparing them for pst-secondary studies in science and technology" (p. 506). This view 

was championed by professional scientists and technologists, and it bears a stnking 

resemblance to the Sputnik era criticism of Amencan science education that resulted in the 

NSF-sponsored science courses that had just been replaced. The academic (universi@ 

scientists pushed for acquisition of concepts, but the scientists from industry and the 

engineers rnaintained that this acquisition of concepts must be teamed up with skills and 

behaviors that are necessary in the marketplace. 

The decision about what to include in the curriculum was further complicated by a 

govemment-sponsored Gallup p l1  of Alberta households, 100 briefs by interested parties, 

and suggestions from 3 000 students (Panwar & Hoddinott, 1995). In addition, the 



curriculum was to be framed in the context of the Science Council of Canada's (1984a) 

and a provincial 

govenunent policy document, or White Paper, with a title suggesting increased attention to 

science: Proposais for an Industrial and Science Strategy for Albertans - 19û5 to 199Q 

(Govenunent of Alberta, 1984). Fmaliy, the drafting of the cuniculum was done by 

selected high school teachers who had their own views on what counts as  science 

education, and M t  copies of proposeci curricula were distributed to high school teachers 

throughout the province for their feedback. 

With d l  of these voices proclairning their own view of science education, it is easy 

to see (as Roberts points out, 19%) why the curriculum is not the ~roduct of research and 

-. To be sure, the curriculum designers did try to incorporate current 

findings in educational research. As outlined earlier, many school jurisdictions around the 

world were incorporating ST and STS emphases into their science programs. Most 

Canadian provinces were incorporating STS into their science cu~~icula by the end of the 

1980s (Blades, 1994). Indeed this was the message sent by Science for Every S t u d a  

and backed by a number of the special interest groups at work on the curriculum design. 

Blades notes that the designers and others also saw the value of "integrated science" 

courses that would teach science as a whole, rather than a single discipline, and include 

how this "whole" interacted with both technology and society. They also saw the value of 

incorporating STS into the biology, chemistry, and physics courses that would continue to 

exist, 

A number of contrasting viewpoints, not al1 of which are considered equally, is 

characteristic of curriculum policy formation. Indeed, "it became clear that a defined 

hierarchy of status had emerged. The highest status was assumeci by the academic 

stientists, followed by academic teachers who shared the views of these scientists ... They 
wanted a more rigorous science education that would better meet the needs of the university 

faculty of science" (Panwar and Hoddinott, 1995, p. 509). These teachers and scientists 



attacked STS and integrated science as "watering down high school science" and "social 

science masqueradmg as science" and, by influencing university admission standards, the 

univetity scientists made their point very clearly . Similar conflicts have occurred in the 

province of British Columbia (Fowler, 1990, reported in Blades, 1994) and in Australia 

(Fensham, 1998). The battIe between academic content and STS is an ongoing theme of 

this study, and decisions about the current cumculum are the result of using "practical" as 

opposed to "theoreticai" reasoning. The result is a compromise, of course. 

The science curriculum is beavily value-laden. beginning with the assumption that 

science has a necessary comection to "economic goals." Acadernic science by definition is 

not inherently usefui, and it is therefore interesthg that the academic scientists were the 

ones who led the battle against the inclusion of STS into the curriculum. The inclusion of 

STS in the science curriculum does stress the "utility" of science and opens the door to 

questions about such matters as the ethics of many types of research and the uses of many 

kinds of technology. Many academic science teachers would, in my expenence, prefer to 

teach their disciplines without any consideration of the values involved, and lave 

application and ethics to an undetermined "someone else." In addition to science-related 

values, the cumculum will reflect predetermined educationd and human vaiues in terms of 

the academic freedom of teachers and students, the position of evaluation in education, and 

even a position on what constitutes knowledge. The curriculum, in general, mirrors the 

values of the society that creates it. 
. . 

As aiready mentioned, the curTiculurn is made bv ~eoole who have the leg~slative 

mandate to enact it. Teachers are essentially contmcted to teach the curriculum and can be 

fired for not doing so. In a bygone era this province hired inspectors to move from school 

to school to ensuxe the curriculum was taught as prescribed - now we have Provincial 

Examinations. Panwar and Hoddinott (1995) comment on the authonty structure in this 

way. "Traditionally, in Alberta, several groups have influenced what happens in 

education, including science education. These groups include: classrwm teachers and 



principals, Alberta Education staff, educaîional associations, post-secondary institutions, 

school superintendents, parents, school trustees and other govemmentai agencies and 

e ~ r o v i n m t e r  of edudon  makes the bal de- . . . - 
departments. J'h - " (p- 505). 

The bottom line, after all the input from all the groups, is that the fmd decision is a political 

and legislative one determined by the govenunent of the province. This "top-down" 

process of curriculum contrd in Alberta education is outlined iafonnatively by Knill- 

Romanyshyn (1996). 

The curriculum policy image, then, "is an image of what counts as science 

education: which science topics are to be tau& the broad objectives (curriculum 

emphases) that are to give purpose to the students' learning, and - by implication at least - 

some overall features of teaching that would be consistent with the poiicy" (Roberts, 19923, 

pp. 5-6). 

The "Ia)aoes9' Teachers Have About Poli= 

The curriculum policy image of Alberta Education can be contmted with the cuniculurn 

policy image that is fonned by each of the teachers responsible to implement it Each 

science teacher develops his or her own science curriculum policy image based on practical 

howledge, a concept elaborated by Elbaz (1981). Roberts (1998) describes the 

development of the image thus: "through personai, practical knowing as a result of 

experience and thought, every teacher develops his or her own science curriculum policy 

image which then forms a backdrop against which a new policy image is understood, 

assessed, and either altered to make it workable or perhaps rejected" (p. 7). The many 

sources of influence on a teacher's curriculum policy image are suggested by Figure 1. 



Figure 1 

TEACHER IMAGE: SOURCES OF INFLUENCE 

STUDENTS TEXTS 

MEDIA 

EXTERNAL 
EXAMINATION 

Elbaz's concept suggests that teachers develop an understanding of who are, what 

do, and what works for a in particular situations. This image guides their 

discussions with colleagues and with students (both formally and infomally). The 

teacher's experience includes educationai background, teaching experiences (both good and 

bad), and a history of curriculum interpretation. The image concept is very similar to 

Crocker' s (1983) "functional paradigms" of teachen and Pajares' (1992) "teachea' 

beliefs." Crocker deals more with the things groups of teachers have in common, "the 

characteristics which unite a community of pxactitioners [that] are Likely to be centered on 

practical rnatters" (p. 354). Crocker says that the essential feahues of these paradigms are 



most Ucely to be noticeable at times of change (p. 354) and that "concem for content 

coverage, management, and clarity in the curriculum" (p. 356) emerge as elements of the 

functional paradigm (similar to the eariier mentioned "criteria for change" by Fullan). 

Pajares' "beliefs" are much more individuai in that they tend to be formed early in Me, 

afTected by a wide variety of innuences, and infiuenced by other beliefs. "Beliefs about 

teaching are well established by the t h e  a student gets to college" (p. 326). 

A significant part of a high school science teacher's image is a "subject image." It 

is common folklore in the secondary school science culture that high school teachers 

identify with a particular subject and their "image" of that subject colours their own image 

of themselves. For example the image of a physics teacher is different from the image of a 

biology teacher. Part of these images are stereotypes developed by the history of the 

discipline and by the media's interpretation of this history. Physics teachen have some 

kind of bond with Albert Einstein and it is rare to enter a physics classrwrn that does not 

have a poster of t h i s  icon displayed prorninently. BioIogy teachea seem to identify with 

the woodsy outdoorsman (ecologist) or the classic lab-coated dissector of frogs. 

However, the science teacher's image of the subject goes beyond these surface 

manifestations. It is entirely consistent with Elbaz's concept of image that the subject 

image includes an ideal of the subject matter and how the discipline shodd be taught 

(Stodolsb & Grossrnan, 1995) which can be linked to the teacher's own history both as a 

student and as a teacher. It follows that teachers want to repeat things that have worked in 

the pst ;  things that have either worked pn them or fpy thern. AU of these things are taken 

into consideration when a teacher interprets the cumiculum policy image. Science teachen 

will embrace, rnodify, or reject parts of a curriculum based on their own image of 

themselves and their subject. These decisions are further influenced by materials such as 

textbooks. Teachers looking at a text determine whether or not the reading level is 

appropriate, whether or not the content matches the curriculum policy image and their own, 

and whether the general appearance of the textbook suits thern. For example, an academic 



teacher might want a textbook that looks Like a university textbook, while a more 

pedagogically orienteci teacher is m g  to determine whether or not the text is "user 

friendl y ." 
The last important Link between the curriculum policy image and the teacher image 

is the Provincial Examination. The examination is the "word made ciear." Because the 

Rovincial Examination in Alberta counts for 50% of the grade 12 student's mark and 

because the results are made public, most teachers take these tests very seriously. This test 

acts to verify the congruence between the teacher image and the policy image, and teachers 

routinely go through eacb question of each examination looking for questions that they may 

not have "covered" properly. As a fmai point, the curxiculum policy image can be 

communicated by the Provincial Examination and can aiso be modified by the examination. 

Teachers compare each test with the curriculum and any tirne there is a discrepancy, 

especially if that discrepancy goes on over a series of tests, the test becomes curriculum. 

Svstematic T m k  at Teacher Ima,es O 

The curriculum policy image inherent in the 1994 biology cumcdum in Alberta is the focus 

of my interviews with the seven teachers in this study. At the time of the interviews, each 

teacher had tau& the new courses several times, so it is reasonable to expect that each had 

formulated an image of what is appropriate and feasible to do with the new curriculum. 

The conceptuai framework for analyzing teacher images incorporates three 

componeots, which are first listed briefly, then discussed in more detail below. The fvst 

component is based on the sources of the teacher's curriculum policy image, and it includes 

two elements: the Rogram of Studies and the Rovincial Examination. These two sources 

are important because they are directiy connecteci to the curriculum policy image of Alberta 

Education. They are what the teacher actualiy interprets. 



The second component is based on the of teacher images, and it also includes 

two elements: the range of ways to inkgrate STS with science content. and the teacher's 

orientation on the academic vs. child-centred spectrum. Those two elements are based on 

the work of Aikenhead (1994) and Goodson (1993). respectively. 

The third component is about the nature of change in the teacher's responses to the 

of the curriculum policy image. The first element is based on Fullan's aodysis 

conceming time, worthwhileness, etc., while the second focuses on the demands to 

incorporate discussion of STS issues in a science class. These two demands were selected 

as signifcant on the bais of discussion with pilot study teachers. 

of Studies As a Source 

The Program of Studies makes some suggestions about b w  a teacher is to teach, as well 

as w h a ~  In the Alberta case, the Program of Studies makes two suggestions about 

preferred methodology (p. 9): use of the "Learning Cycle" and the treatment of STS as 

cm= d e r  than content Now, what does that mean? The Learning Cycle is a 

constructivist mode1 that promotes the idea that leaming should take place in three phases - 
exploration, concept development, and application (cf. Hemler & King, 1996). By treating 

"exploration" as an STS issue, or "STS Conneciion," the requirement to treat STS as 

is satisfed. The scientific concepts that illuminate the issue corne in the second 

step, and in the "application" step the issue is to be revisited. This sequence is consistent 

with the inàstence in the Rationale for the Program of Studies that: "The Biology 20-30 

program places students at the centre. Students are active leamers and wiil assume 

increased responsibility for their learning as they work through the program...Students are 

expected to participate actively in their own leaming; teachers act as collaborators or 

guides" (p. 1). It is the Learning Cycle, with the STS issue positioned as exploration and 

application, that purports to satisfy this requirement. 



Now, how do experienced biology teachers respond to a requirement of this sort, 

with its obvious student-centred thnist - especidy given the persistent tension between 

academic and student-centred courses? In the pilot study 1 sought images about how the 

pilot teachers thought about teaching STS, and three positions emerged as possible criteria 

to be used in the due structure: the teacher did use the M g  Cycle and did place 

students at the centre, responsible for their own learning; or at the opposite extreme the 

teacher used lecture primarily; and in the midde the teacher was attempting to move in the 

direction of having students assume responsibility. These positions are portrayed 

graphically below in Figure 2 but fmt let us  consider the other element in the component of 

the conceptual framework of a teacher's policy image. (The matter of treating STS as 

context is explored further as a part of the third component of this framework) 

. . . . 
e P m w n c ~ a t ~ o n  As a Source 

A teacher's cumcutum policy image is stmngly influenceci, in this province, by his or her 

attitude toward the Provincial Examination. These tests are a dominant feature in the 

culture of Alberta's hi& schools. They have become an important source of information 

for interpreting the curriculum policy image as teachers analyze each successive 

examination in an attempt to detexmine the priorities of the test designers and their 

interpretation of Alberta Education's curriculum policy image. The biology examination 

evaluates course content, process skills, and STS Connections. (It should be ooted that the 

Cumculum Branch and the Student Evaluation Branch in Alberta are totally separate.) It is 

the evaluation of STS that is of most interest in this study. The pilot study teachea were 

most informative about their views on the relationship between the Program of Studies and 

the Provincial Examination for Biology 30 students. Their images suggest three positions 

on this matter. The first position is that the teacher believes that the Examinationadeauatelv 

j-eflectq the Program of Studies while the second position is that the teacher believes that the 

Examination distorts the Program of Studies and that this is a cause for concem. The third 



position is that the teacher beiieves that the Examination distorts the Rogram of Studies and 

there is evidence that the teacher feels that this distortion -; benefica. Figure 2 

shows the positions that are concephially possible, and are suggested by pilot teacher 

interviews, regarding the influence of the Program of Studies and the Provincial 

Examination on teachers' policy images in this setting. This completes the discussion of sQwx& 
Figure 2 

SOURCES OF TEACHER IMAGES 

PROGRAM OF STUDIES 

Positions 

PROVINCIAL, EXAMINATIONS 

positions 

Teachers use the Leaming Cycle and give Teachers believe the exam reflects the 

students responsibility for learning. Program of Studies. 

Teachers report giving some students Teachers believe the exam distorts the 

responsibility for leaming. Program of Studies (concem). 

Teachers use lecture as primary 

methodology. 

Teachers believe the exam changes the 

Program of Studies (support). 



ead's STS Cate 

As discussed earlier, STS education has many definitions and objectives (e.g. Yager, 1991, 

Solomon, 1993; Aikenhead, 1994; Cheek, 1992). The BiolQgy 7&30 Prom- 

(Alberta Education, 1995) stipulates the following defintion as part of the change biology 

teachers were expected to deal with (p. 5). 

CONNECCIONS AMûNG SCIENCE, TECHNOLOGY AND SûCIEI"Y 

Students will be expected to demonstrate an understanding of the processes by 
which scientific knowledge is developed, and of the interrelationships among 
science, technology and society, including: 

-the central role of experimental evidence in the accumulation of knowledge, and the 
way in which proposed theories may be supported, modified or refuted 

-the inability of science to provide complete amers  to dI questions 

-the functioning of products or processes based on scientific principles 

-the ways in which science advances technology and techndogy advances science 

-the use of technology to solve practicd problems 

-the limitations of scientifc knowledge and technology 

-the influence of the oeeds, interest. and financial support of society on scientific 
and technologid research 

-the ability and responsibility of society, through science and technology, to protect 
the environment and use natural resources judiciously to ensure quality of life for 
future generations. 

When we examine these eight expectations we fmd that there could be very little here that 

would cause any fundamental shift in the way biology is taught. Most of these objectives 

can be fuifilled with short additions at the beginning or end of standard science lessons. 

Compare that fairiy modest change with the definition of STS teaching outlined by the 

National Science Teachers Association of the United States, presented in Chapter 2, as the 

teaching and learning of science in the context of human activity with programs that have 

many more student-centred features. 

Although there is some overlap with the Alberta image, the NSTA image of STS 

teaching cails for fundamental changes in the way science courses are taught Their image 



puts more emphasis on the individual student, on student decision making in ternis of 

course content, and a larger degree of student control of the leaming process. It is far more 

into what Goodson (1993) would call the "pedagogic tradition" than the Alberta defintion. 

One more point is necessary, to convey the substance of the change in Alberta's 

biology program. The intention of the new policy is that the "STS Connections1' discussed 

earlier are to be treated in the same way Roberts has identified as the treatment of 

"curriculum emphases." (This is the sigdkance of the earlier discussion of STS issues as 

the exploration phase of the Leaming Cycle.) That is, the STS Connections are sources of 

the contexhin which the content (which we can call the science stories) of a course are to 

be taught. In biology the science stories would of course be about living things - for 

example how characteristics are transferred from one generation to the next. But, "A 

curriculum emphasis is a story that tells w h y the science story is an important one to 

study, and the two are comrnunicated simultaneously" (Roberts, 1995, p. 109). Science- 

Technology-Society as a context for the science content "is the bais for understanding the 

complexities of a personal or social issue in which practical action must be decided about 

something which is linked to, or informed by, science and technology" (p. 110). In the 

Alberta case, STS is not a particular skill or section of content, but is the source of 

"cornpanion stories" which are told (usually implicitiy) at the same time as the "science 

stories." 

The cornparison of two views of STS education just presented will foreshadow 

what STS educators know very well: there are a number of such views. Aürenhead (1994) 

has developed a very useful set of categories, showing integration of science with STS 

within STS courses. These are displayed in skeletal form as Figure 3 and in total as 

Appendix C. "It delineates the diversity in STS science in ternis of the degree and manner 

in which STS content is integrated with the traditional science content" (p. 53). This 

classification of STS courses provides a category system for distinguishing courses based 

on how STS is taught and how it is evaluated. The categones can also be used to judge the 



relative importance of STS to the course designer(s) or to the teacher(s) involved in its 

presentation. The categoiies are used in that way in the present study. 

Figure 3 

AIKENHEAD'S CATEGORIES OF STS 

1. Motivation by STS Content 

2. Casual Infusion of STS Content 

3. Purposeful Infusion of STS Content 

4. Singular Disciple Through STS Content 

5. Science Through STS Content 

6. Science Along With STS Content 

7. Infusion of Science into STS Content 

8. STS Contents 

According to Aikenhead's display (Figure 3), the Alberta biology Program of Studies 

would be classified as Category 4 (Singular Discipline Through STS Content). Experience 

in discussing this matter with the pilot teachers suggested a range of possible interpretations . 

among Alberta teachers from the Alberta Education policy image (4) through Category 3, to 

Categones 1 and 2. No suggestion was made, interestingly, about Categories 5 through 8. 

This spread will be displayed graphicaily in Figure 4, below, but fint 1 wiil discuss the 

second element of this component of the -of teacher images. 



NOW, what about the substance of the change? How can we understand biology teachers' 

response to it? Goodson (1993, p. 26) proposes that three "traditions" can be recognized 

in school curriculum - academic, utilitanan, and pedagogic. Modem hi& school biology 

has a long history of stmggiing between king perceiveci as an academic or utilitarian 

subject. Gwdson perceives the academic tradition as based on content that is fundamenMy 

not "practical;" that is, the knowledge cannot be linked to a particdar vocation or 

occupation. School subjects that are considered "academic" have a high status in that their 

objective is primarily the development of the mind for its own sake. Students and teachen 

of academic subjects are viewed as supenor in tems of their scholarship. Zuga (19%) has 

discussed this matter in tenns of the hielarchical view of Aristotle's theoretical (pure 

science) over the practical (STS) and the productive (ST). One of the distinguishing 

characteristics of an academic subject is a cornprehensive examination. "Since the 

nineteenth century 'acadernic' subjects and written examinations have been closely 

comected" (Gwdson, 1993, p. 25). Indeed, for academic subjects "a central criterion has 

been whether the subject's content could be tested by written examinations for an 'able' 

clientele" (p. 25). 

High school biology as a science, with strong ties to the academic priorities of the 

universities and (in Alberta) its Provincial Examination. has a solid position in tems of 

king considered an academic subject However, to maintain that standing (using 

Goodson's criteria), it m u t  be careful that its content does not become too useful or 

practical. Movement in this direction could result in a loss of status as the subject risks 

becoming more aligned with the utifitarian or pedagogic traditions. 

Recent changes to the Alberta biology courses were based on a provincial 

govemment policy that aimed at tying education to economic development. "A stronger 

technological base and infrastmchire were envisioned as k ing  necessary to support 

economic development. The govemment Department of Education was expected to change 



and strengthen the science program for the schwls so that deliberate attention was paid to 

interrelationships between science and technology and linkages among science, kchnology, 

and society" (Roberts, 1995, p. 1 15). This movement towards an emphasis on Science, 

Technology, and Society (STS) education can be seen to continue an attack on the academic 

tradition of biology due to the pedagogic nature of STS. The pedagogic tradition is the 

third of Goodson's traditions. 'The low status of utilitanan knowledge is shared by the 

persod, social and cornmonsense knowledge stressed by those pursuing a child-centered 

approach to ducaiion. This approach with its ernphasis on the individual pupil's learning 

process can be characterized as the pedagogic tradition" (Goodson, 1993, p. 28). As we 

shaii see there is often an emphasis on the individual student and the development of hisher 

social knowledge that is a major component of STS education. 

Although none of the pilot shidy teachers spoke specifically in ternis of Goodson's 

three traditions, it can readiiy be seen that these represent three conceptually possible 

positions about the orientation of biology courses. The pedagogic, utilitarian, and 

academic traditions are therefore located in Figure 4, as three possibilities to capture the 

of teacher images. 



Figure 4 

THE RANGE OF TEACHER IMAGES 

AIKENHEAD'S CATEGORIES GOODSON'S TRADmONS 

I3mQxE 

Singular Discipline Through STS 

Context (Category 4) 

Ikdi!m 

Pedagogic - emphasis on the student- 

centred feature of the Ro,w of Studies. 

Purposeful Infusion of STS Content. Utilitanan - ernphasis on the aspects of 

(Category 3) the Program of S tudies stressing 

citizenship. everyday Iive, and careers 

(other than research biology): 

Casual Infusion of STS Content. 

(Category 2) 

Academic - emphasis on the science 

disciplinary aspects of the Program of 

S tudies. 

m ' s  Criteria T h e  and Relevance m a n &  

Unfortunately, as stated poignantly by KilianShnun (1996, p. 120), T h e  legacy of 

cumculum refonn in science seems to be to place most of the responsibility on the 

shouiden of individual teachers, encdturated to a particular pedagogy and specialist-based 

science, working in schools that do not encourage innovation, and provided with minimal 

support by administraton, their professional organization, and curriculum innovators." 



In that vein, much has been d e n  about how curriculum change affects and is afKected by 

teachers. A useful framework is Fullan's (1982) three criteria teachers use to judge change 

1. Does the change address a need? Will students be interested? Wd they leam? 

2. How clear is the change in terrns of what the teacher wiü have to do? 

3. How will it affect the teacher personaily in terms of time, energy, new skill, 
sense of excitement and competence, and interference with existing 
priorities? 

Surely teachers take these factors into consideration when facing the prospect of a change 

in the cuniculum. Nlan's cnteria focus on the practical factors that teachers have to 

consider when making decisions about what and how to teach, indicating a focus on two of 

these factors - their students and themselves. Basically teachers ask - will it make things 

better? will the kids like it? and what wiil I have to do? These questions reflect the fact that 

teachers are faced with a great many practical problems that require practical solutions, so 

they have little time for changes that could potentially make their situation worse than it 

dready is. Teachen want to know what is expected of them and how they are expected to 

carry out the proposed reforms (Thiessen, 1992). if teachers feel that the proposed changes 

are going to be detrimental to their situation, they wiil simply subvert the change, leading to 

Sarason's (197 1) "the more things change, the more they remain the same" (p. 2). 

Teachers in the pilot study who resistcd a particular change complained of a lack of time 

and resources. They also questioned whether or not the change is woahwhile. These 

concems give rise to positions on this framework of analyzing demandson the teacher. 

The fmt  position is that the teacher has no cornplaints of t h e  problems or feelings of 

incornpetence. The second position is that the teacher has problems with time andfor 

resources but believes that the changes are worthwhile. Finally, the third position is that the 

teacher has problems with time a d o r  resources and believes that the changes are not 

worthwhile. Figure 5 shows the positions, but fmt 1 will discuss the second element of 



this fmal component of teacher images, namely the requirement to make discussions of 

STS issues a part of the science classroom. 

nd in STS T a c h  

For any change in cumculum to be effective i t  is important that teachers have a clear 

understanding of the cuniculum policy image and that the new policy image be capable of 

integration into the teacher's image of themselves and the subject. The new curriculum 

poiïcy image includes an emphasis on STS and inherent in that is a valuing of the teaching 

of issues associated with the content of the course. In the pilot study, it was discovered 

that some teachers have bypassed this expectation by focusing on the relationship between 

science and technology (ST) aspects of the cumculum as context (reducing or eliminating 

social issues ) and therefore by dealing with "STS Connections" as added content. This is 

obviously an accommodation to the Program of Studies. But it raises questions about the 

way STS issues are treated in the cwriculum. The following three possibilities fom the 

positions, as shown graphically in Figure 5. The fmt position is that the teacher reports 

stressing STSlIssues The second is the teacher reports attempting to balance STSflssues 

with content, while the third is the teacher reports putting an empharis on STKontent and 

de-emphasizing STSflssues. 



Figure 5 

TEACHER IMAGES: RESPONSE TO DEMANDS 

EFFECI'S ON TEACHERS STSiISSUES VS ST CONTENT 

Positions Posieions 

No problems with time or feelings of Emphasis on STSllssues. 

cornpetence. 

FeeIs time a d o r  resources are a 

problern, but it is still worthwhile. 

Balance of issues and content. 

Takes up too much timdenergy and not Emphasis on STlContent 

worth it. 

Su-: The Interaction of 1- 

This chapter has developed a conceptualization of the phenornenon of teacher response to a 

science cumculum policy change of major proportions. This phenornenon is seen as an 

interaction between two "images," the one coming from the policy makers (their 

''curriculum policy image") and the other (the teacher's image) rooted in the teacher's 

personal, practical knowledge, as suggested by Elbaz (1981). The chapter constructs a 

systematic account of three components of the teacher's image, based in part on the 

theoretical considerations and in part on the experience of interviewhg teachers in a pilot 

study preceding this one. The sources of the teacher's image comprise two elements: the 

Rograrn of Studies and the Provincial Examination. The of teacher images, 



consisting of two elements, is theoreticaily infonned by the range of types of STS courses 

developed by Aikenhead (1994), and the range of curriculum "traditions" developed by 

Gwdson (1993). Fïnaily the response to particular de- of the new policy image 

consists of two elements as well: the criteria by which teachers in general appraise 

cUmcuIum change (Fullan, 1982) and the most thomy aspect of this paiticular change, 

namely the requirement to introduce discussion of societal issues in the science classroom. 

For each of these six elements of a tacher's image, three "positions" are seen as 

conceptuaily possible, and a preliminary due structure is presented as a way to detect 

differences among teacher images on the basis of thek discussion in an interview situation. 

In Chapter 4 these clues are tested for their discriminating power, using the data resulting 

from the interviews with seven veteran biology teachers. 



Chapter 4 

USING TEACHER RESPONSES TO EF%VE THE CLUE STRUCTURE 

This chapter links sections of teacher discourse to specific positions within the due 

structure. The chapter is made up of four sections followed by a Chapter Sumuxq, with 

the fmt three sections conesponding to the three components of teacher image: sources, 

range, and response to demand. The fourth section reports on the use of an instrument that 

gives a quick overview of teachea' views on science education in general and STS in 

particular. Each component of the teacher image includes two elements, and for each 

element the preIiminary due structure indicates three concepWy possible "positions," 

each associated with one clue. An investigation of the discriminating power of each due 

wiU be carried out by systematically exarnining the discourse of each of the seven teachers. 

In this report each of the seven teachers has been assigned a letter designation for 

anonymity (the researcher was designated as "g"). Sometimes, just as a guide, the 

researcher's questions have been included in the discourse. Underlinhg is used to show 

what is definitive, in my view, about the individual's position. A consent Letter is shown in 

Appendix D and each teacher has read and found acceptable the characterization I have 

presented. 

ources of Teacher Interr>retahon 

There are two elements in this first component, and comespondingiy there are two sub- 

sections about this aspect of the ches concerning teacher images. 



of Studie~ 

The Program of Studies projects a "curriculum policy image" that provides teachers with 

some guidance and suggested methodologies in tems of how the numerous objectives are 

to be accomplished. As mentioned earlier, STS Connections are to be used as a context for 

teaching skil1s and knowledge objectives and the Leaming Cycle is suggested as a general 

methodology. Teachen are also directed to have students assume responsibility for their 

own learning. The three positions conceptually possible for this element were displayed in 

Figure 2. The first portion of this analysis deals with the following position: 

THE TEACHER CONSISTENTLY REPORTS GIVING TEE STUDENTS 

RESPONSIBILITY FOR THEIR OWN LEARNING AND PRESENTING 

LESSONS U S I N G  THE LEARNING CYCLE. 

Teacher B is developing an individualized learning system as pait of the learning resource 

centre in his high school. Biology students are given packages of matenal for each unit and 

work through them on their own or in groups. This forces students to take a great deal of 

responsibility for their own learning and the teacher acts as the collaborator or guide as 

suggested in the Rationale and Philosophy section of the Program of Studies. 
. . But, I'm finding, in this area, ~e d a - i ~  with the l ~ &  is totallv differenL 1 

don? know if you rernember what a classroom relationship is, but even with rny 
30's where I'm trying to keep it like a classroom situation sometimes ... e d s  

some help now?" I V  have a class 
going and they want help on something else and it happens. And thev sit here for 

O a h a  hours 1 ke vesterdgy aftemoon because thev don? u n d e r s u  
CS. 1 don't rernember th ~ a s t ,  (Teachet B)_ 

Two other teachea show evidence of using the Leaming Cycle in the presentation of their 

lessons. 

Teacher C gives an example of starting a unit by framing it in an STS Connection as 





Teacher D: 

Well. I'rn very organized but I'm ewavfIplD the Iec tu~  and I'm getting 
away from me king the sole source of information. (Teacher D) 

The third position within this element, that is, dependence on the use of the 

lecture as the primary teaching strategy, is a methodology that has a long history in the 

"academic" sciences. 

THE TEACHER REPORTS USING THE LECTURE AS THE PRIMARY 

METEODOLOGY. 

For some teachers the lecture continues to be the fastest way to deliver a large amount of 

infornation in a short amount of time. For teachers who are centred on content, the lecture 

is still the preferred methodology. 

Teacher F: 

I've been teaching so long, 1 know at the beginning of c l w  where I waot to go and 
what 1 want to do and I've got my materials; handouts, notes, worksheets, that type . . of thing prepared. At the be- O 0 f a f o m l  l e u o n . ~ o  w where 1 want to - PO, 
ueacher F) 

Teacher H: 

Jt's lecture but it's dmos t... the notes are very formal but the acnial process is very 
informal. v a c h e r  H) 

Aithough these teac hers characterize their style of teaching differentl y (formal vs. 

informal), both are dependent on lecturing. That completes the analysis of the three 

positions for the fmt element of the clue structure. I pmceed now to the second. 



The second element of the clue structure analyzes the teacher response to the Proviacial 

Examination. The first position is: 

THE TEACHER BELZEVES THAT THE EXAMINATION ADEQUATELY 

REFLECTS T E E  PROGRAM OF STUDIES. 

In this study only one teacher did not voice concems about the treatment of STS in the 

Provincial Examination. However, it should dso be noted that this teacher was the one 

teacher who did not view the Examination as a primary source of information about the 

curriculum policy image. (It should be noted again that the letter "g" refers to the 

researcher, whose input is included only at those times when the questions are necessary to 

frame the context for the response.) 

doma doesn't bother a. In my mind there is enough time to cover for the 
di ploma. (Teacher E) 

and 

You want students to do well. 1 don't teach to the final exam but I try to do things 
that will help them. c a c h e r  E) 

and 

g What's your general opinion on the exam? 

e Now that I know what's happening, having taught the course for a number of 
years, learning what they're leaming about ... If thev asked me to i-ove it. L 
couldn't. 1 like the one written response and the one experimental question. 1 like 
the idea of testing science skilis and to me there's nothing wrong with having the 
writing. If you c m  express your thoughts in writing ... ("hacher E) 

The second position illustrates teachers who see an inconsistency between the 

Rogmm of Studies and the Provincial Examination. 



TEE TEACHER BELIEVES THE EXAMINATION DISTORTS THE 

PROGRAM OF STUDIES AND THIS IS CAUSE FOR CONCERN. 

The remaining teachers in this study ail felt that the Rovincial Examination distorted the 

curriculum policy image in that the test questions either dealt with STS as content or had 

not included any STS questions on "issues" for a number of years. The major difference 

within this group is  that some of the teachers felt that this was a cause for concem because 

it chinished their j&cation for including parts of the course that they felt were valuable, 

while other teachers felt that this omission was justifcation for dropping something that 

they were either uncornfortable with or that they felt was not important. 

For example, Teacher A feels that the Iack of emphasis on issues on the Provincial 

Examination will result in the teaching of less STS issues in her class. 

g What about issues? 

a Ethical issues? I love that stuff. I think that in terms of the whole province, 
that's the area that's least dealt with. Like wht  are the societal issues, what are the 
ethical issues, and how to treat them? What are the bases for the decision making 
on those Ends of things? 1 guess it depends on the teacher, but I know that 1 need 
to spend more time on the issues especially since it's supposed . to . be on the 
diploma. Sprnebes 1 don't see t h a  on the diplpma. Consideu the emplbêsiS 

thev're supoosed to have. I'm sumrised that thev're not. No. 1 was piven to 
of the exam and it really hasn't beell, 

Do you think that affects whether you acbdly do anything about it? a 

a Yes, it does. Am 1 poing to deliberatelv ook 
Not unless 1 suddenly get a windfall of time. 

(Teacher A) 

For teacher B the problem is that the STS questions are based on content rather than issues. 

g How do you think the STS stuff is covered on the exam? 

b Sometimes, not badly. Generally, it's almost covered as "Did you leam this?" I 
think the ones that are most successful are the ones that present a novel situation 
and say "How would you deal with t h ? "  But, invariably what it cornes back to is 
"Gee, did they mention these five points?" which cornes back to vey m e n t  

fic things. (Teacher B) 



Teacher C agrees: 

g Lf you look at the biology content of the course, and then the STS and the issues, 
where do you see the balance between the two of these thuigs? 

c 1 guess the longer I've taught the course the more the STS seems artif~cial, at 
least in some regards. They want to integrate into some of these questions. 

that rt s - 9 STS. but ~t s more cos 9 ent based. When you go up marking, s ~ m e  
are STS but there's a focus on the c ~ ~ t e n t .  On occasion there 

are questions that are heavily STS based. I'm tryîng to think of one but I can't 
r e d  one now. (Teacher C) 

For these teachers the gap between the image presented in the Examination and the 

curriculum policy image creates a problem. For other teachers, the third position, it 

presents an opporhmity. 

THE TEACHER BELIEVES TEE EXAMINATION DISTORTS THE 

PROGRAM OF STUDIES AND TEERE IS EVIDENCE THAT T H E  

TEACHER BELIEVES THAT THIS DISTORTION IS BENEFICIAL. 

The third position represents teachers who see the inconsistency between the Program of 

Studies and the Provincial Examination, but who are not concerned about this difference. 

Teacher D: 
g STS, do you think it's helped the course? 

d J:LU i t adds interest, 

g That's not an overwhelming endorsement. 

d Which STS do you touck upon to satisfy those two ticks in that essay? 

g So you're saying that there's not a whole lot of evaluation. 

d No, fhere's very little evaluation on the exw for it. It's usualIv a & portion. 
was two tiçks out_ofthe ?A on the essax and if the kid knew in vitro fertiiization 

or M ~ c i a l  insemination, they were fine. There were two technologies that were 
straightforward. Those were the two that would most easily satisfy that essay 
topic. If you didn't touch those, didn't hit on them, then there was no hope the kid 
would get that portion of the essay. So such a huw area. how much do vou ~ u s h  

(Teacher D) 



Teacher D had just retumed from marking the STS question on the Provinciai 

Examination and was very unhappy with how the essay was marked. Her concem was 

that the Framination did not match the curriculum. 

But it wasn't w e i w d  with the cumculum. It wasn't balanced. How do you 
prepare kids adequately for this exam? I don't know any more. 1 think 1 was doing 
a good job of it and then I see this exam. The go& kids are going to do OK and 1 
just think it hurts the middle kids. (Teacher D) 

Obviously, this teacher was not happy with the Examination. Indeed, ultimately she States 

that the Examination is not worthwhile. 

I wish they'd do away with provincial exams. 1 think they're a waste of taxpayer's 
money. My marks corne out pretty much the same. 1 think if you're a decent 
teacher, you don't need the provincial. (Teacher D) 

However, although this teacher voices concems with the Examination, there is evidence 

that her lack of comrnitment to teaching STS is not a direct result of the format of the test. 
. . g How much time ... do you spend on -V discusyap issues? 

d b a i n  that deynds on the class. This 20130 class I have are real Iive wires. I've 
had them a i i  year and they're real familiar with you by the tirne you start 30. If 
some stupid concept jumps into their heads, someone rad that article that they'd 
just located the gene for Clinton's sex drive, so we have some weird discussions 
depending on the group. Mv conservative mup.  we iust do the course. 
c a c h e r  D) 

This 1s t  comment indicates that issues are not an inherent part of this teacher's course or 

teaching. It is quite possible that teacher F suspects that issues are no longer a part of the 

Rovincial Examination, but this lack of emphasis may actually be in keeping with this 

teacher's image of herself and the subject. 

Teacher E 

g In tems of the new curriculum, what is your generd feeling about the 
provincial exam? 1s it a good thing? 

f Y e s , I  lit s a  ~ o o d  - 9  t e x m .  I've 
been involved in writing questions. I've been involved in rnarking it. I've been 
involved to some extent in pmfing i t  1 think it's a good thing in a lot of different 

* '  ways. I think it s meatlv I t was before but i t s aeatlp - 9  

bio- to the mal world I don? know whether or 
zs tudents  would be getting the same level of that literacy if it weren't for that 
exam. Teachers would al1 make their own exams or school wide exams or district 
exams or whatever. 1 don't think we would have advanced to that level. That's 



maybe not a very complimentary thing to say about the teaching profession in 
pneral, but 1 think that exam has dnven the teaching toward that point (Teacher 
F) 

and 

g Did you mark the second question this year? 

f I was involved in marking the essay. But 1 did help set the key. 

g 1 heard that it was complicated. 

f It was incredibly complicated ... 
g Were they marking on content? 

f Yes&ywere (Teacher F) 

In this case the teacher is strongly committed to the Examination and to STS (application to 

the real world). However, the second quotation describes the marking of the STS essay on 

the 1s t  Rovincial Examination. The key point is that this teacher, who is closely 

connected to the Examination, is aware that the STS question is content and not issue 

based. This veteran teacher does not seem to be committed to STS as context. 

g In terms of the new curriculum, what's your reaction to increasing the amount of 
STS? 

f it's very b e w  and useful, 1 think they should have an idea that what 
they are leaming has some value in their own lives. Sometime to apply to what 
they cal1 real He  experiences. Especially in terms of amniocentesis or chorionic 
v i h  sampling. They may have %opleTh their families who are experiencing the 
same things. Friends that are experiencing it. 1 think it connects what they're 
leaming t6 what could be happening or is %appening in their lives. J hate io see i t 

n the course. Al1 the wav 
. I guess there may be some uni& that may 

AIthough this teacher States that she is committed to "applying biology to the real world," 

she is not committed to dealing with application in the f o m  of issues. 

g There's two ways of going at STS. One is as content and the other is as an 
issue. The rights on some, good vs. bad, etc.. Do vou ever get into the issues? 

f Very li&. 1 think it's probably supposed to be there but 1 think in terms of the 
time factor and the emphasis and my comfort with it as well.. J'U bring it up from 
tirne to time but, in general, in other words the society aspect of it, 1 don't 
emphasize it as much as what's intended (Teacher F) 



This teacher is vexy aware of the history and maybe the direction of the Provincial 

Examination. This teacher's view of STS as content rather than issues fits very weil with 

ment tests, 

Teacher H has some relevant observations about recent examuiations. 

Right now the problem is, for me at Least, to score on the diploma the problems 
are content The physiology of reproduction and of the nervous system is very, 
very specific. So, in order to understand it, you ha . . 
and b t ' s  the levdthat Alberta Ed is examining at W t  now. VerVfipe d e u  

and 

g So that stuff is content. When it cornes to the issues - right, wrong - how do 
you deal with those things? 

h I'm wondering beçause in the fint y p e r  that we wrote in 95 there w a  
stuff on s ~ r o d u c  ve tee- the ssue of whether or not we should 

allow people with genetic abnonnaiities to breed. At that W t  there reallv hasn't 
been verv - much in tems of societal issues on the ~ a ~ e r s  . So we're discussing one 
right now that deals with treatment of diabetics and what societal issues are 
involved in islet ceU transplants. But 1 think the societal aspect is of actual l e s  
importance in the eyes of Alberta Ed now than it was three years ago. We discuss 
some of those issues and a lot of that pertains to reproduction. Surrogate 
motherhood, who owns the kid, that kind of stuff. The other societal issues. 

enses and stuff. s e e e  it s ,one p do wn the tubes to me. - ' 

g Would you say that you're going to spend less time on it? 

h Yes, 1 didn't vend a lot of t b  
. . 

e on fi in the first rilace because societal issues 
you can even actually list. They're things like who gets the transplant, what's the 
costhnefit to society, so you c m  list 5 or 6 societal issues that will really fit any 
kind of issue that is out there. So you can "can" those. So the technology is preüy 
specific to the science, but the societal issues are al1 the samueacher H) 

For this teacher the Ehvincial Examination is stressing content and ignoring issues - and 

so is he. 

This completes the analysis of the three positions of the second element of the clue 

structure and of the clue structure's fmt component, Sources of Teacher Interpretation. I 

wiIl now go on to analyze the second component of the clue structure. 



There are two elements in this second component that, in this case, illustrate the range of 

"teacher images" within the group of vetera. biology teachea in this study. 

Aikenhead's (1994) categories can be used as the basis for characterizing the range of 

teacher images of ST and STS. (Some of the "STS Connections" in the Alberta program 

are strictiy about science-technology relationships, hence "ST.") 

AIKENEEAD'S CATEGORY 4 

The Biology Pro,= of Studies itself most resembles Aikenhead's Category 4, âipmilar 

ugh STS Content "STS content serves as an organizer for the science 

content and its sequence. The science content is selected from one science discipline" (p. 

55). Only Teacher E can be characterized as having an image fiühg this category. 

The ideal for me is to $art the unit w i m .  That's the ideal. When 1 do the 
genetics, for exarnple, not the Mendelian genetics, there's no STS there. There's 
not a STS for every unit But when they do molecular genetics, students get a piece 
of paper. On that piece of p a p a  is the report of a research scientist spending five 
years to deterrnine the gene for cystic fibrosis. 1 put on the board individuals with 
cystic fibrosis are homozygous recessive. They are lacking the gene to make 
certain proteins that control mucus development. Individuals with cystic fibrosis ... 
The gene for cystic fibrosis is attached to a virus, the virus is introduced into their 
lungs, the genes are incorporated into the DNA of the individual. The individual is 
now well. So now it just goes. 1 Say sit back and think about that and ask 
questions. What is DNA? What is a gene? Well if the gene gets into the ce& the 
ce11 is going to die. How does it duplicate? How do you isolate the gene? So 
e v e m e  we i-uce a conc . we alwavs~çpme back to cvstic fibrosis. We go 
on to restriction enzymes, gel egtrophoresis, PCR. Now we attach the gene to the 
virus. HOW do we know it gets into the cell? That's why we use a cold virus. 
How do you know it's going to be incorporated into the D M ?  What if it attaches 
to a repressor gene or an activator gene? The other thing 1 like about 1 is the 
science. You're always looking for the data. We andyze the data. ueacher E) 



This teacher represents the fmt position of this element of the clue structure. 

AIKENEEAD'S CATEGORY 3 

The second position of this element is Aikenhead's category 3 and two of the teachers 

portrayed images that seem to fit into this Category, Pumoseful Infusion of STS C o n  

'Traditional school science, plus a series of short studies (about 112 to 2 hours in Iength) of 

STS content integrated into science topics, in order to systematicdy explore the content. 

This content forms cohesive themes." (p. 55) Both teachers include an STS component in 

each unit they teach. Teacher B uses a series of prepared handouts that are used to direct 

student learning for each unit. Each of these handouts contains STS material. 

Teacher C also systematicdy inteptes STS into each unit. 

g When it cornes to dealing with things like issues, how rnuch time do you find to 
actually do that? 

c To be able to do that? 

g To cover the issues. 

c It's tough. 1 don't think 1 could give you an actual arnount What 1 trv to do is 
or to~ic, Whether it's nervous 

systern, reproductive system hormones. For example t d a y  in class, we're in the 
rnidst of the nervous system, just prior to getting into the brain and 1 gave hem five 
different scenarios. One that was using fetal tissue, one that was using 
acupuncture, and sorne other things. 1 put a nurnber on the back of sorne matenal at 
the front of the room, numbers 1 to 8 on the back and we went through them 
together. Then, 1 had them get into groups of four and what I had them do as a 
group is to have hem go through each one of these scenarios and discuss them, the 
pros and the cons, and each person was responsible for writing this information 
down. 1 find that a lot more effective than if the shldent just goes home done and 
tries to think about i t  Then 1 pulled them al1 together at the end of the class and 
then we did that as a class to try to corne up with some kind of consensus on the 
So each uot hatf there's an 

. . 
topics. O 

oortuni tv. Cïeacher C) 



This completes the analysis of this position and I rnove on to the third position of this 

element 

AIKENHEAD'S CATEGORY 2 

The third position of this element, Category 2, wu si^^ of STS Caent.  best 

describes the images of the remaining four teachers. ''Traditional school science, plus a 

short study (about 112 to 2 hours in length) of STS content attached onto the science topics. 

The STS content does not follow cohesive themes." (p. 55) These teachen include STS 

topics in units that they feel are important (may be on the exam) or in which they have a 

personal interest. The other teachen select specific topics or units to include STS. 

Teacher A: 

There's a lot more emphasis on diagnostic procedures. Like I really, and I'm sure 
most of us, 1eaIly e w e  diamstic aspects of some of the diseases. But that's 
practical. Bat 's  STS. I think kids need to know that. (Teacher A) 

Teacher D: 

g How do you decide what STS stuff to do? 

d I don't know anymore. I mean after a few years of doing it, p u  iust have 

g Did you use the ones from the -gram of Studies? 

d 1 think some of thern, originally. vou oick the ones that vou know the 
most about u e  or feel cornfortable w i a  1 don? know what it says in that 
Program of Studies anymore. If 1 go back and look, 1 get ail upset. Oh gosh, I 
don't have time to get al1 this in. (Teacher D) 

Teacher F: 

Sometime to apply to what they cal1 real We experiences. Especially in terms of 
amniocentesis or chononic villus sampling. They may have people in their families 
who are expenencing the same things. Friends that are experiencing it. I think it 
connects what they're learning to what could be happening or is happening in their 
lives. J hate to see it hamen as sort of the m ' storvbe or the main &me in & 
cou~.-theaUYa particularas there mav be 
some units that mav work btter o tha .  I'd hate to see it happen with the 
reproduction unit. (Teacher F) 



Teacher H: 

g So there's no particuiar way that you weave the STS in? It varies from unit to 
unit and from semester to semester? 

h Yes. It may not vary from semester to semester. There are certain core 
tec- that you get It might be diabetes. For sure it's genetic engineering. 
In reproduction, in IV fertilization, ernbryo splitting. But there's so many examples 
and your time constraints are there. So vou can onlv cover so m v .  So 1 
s'ne- Ones* M W '  bxause th=!"= of rest to me m d  I'* 
bowledmabfe about them, (Teacher H) 

This completes the analysis of Aikenhead's Categories as the fmt element used to capture 

the range of teacher images about STS. 

.. oodson 's Trad- 

Goodson's traditions are the basis for the second element of the "Range Indicators" 

component of the due structure. 

THE PEDAGOGIC TRADITIUN 

The first position of this element of the due structure deals with the "pedagogic tradition." 

Goodson descnbes it as "personal, social and cornmonsense knowledge stressed by those 

puauing a child-centred approach to education. This approach with its emphasis on the 

individual pupil ' s leaming process can be characterized as the pedagogic tradition wi thin 

the English curriculum. Child-centred or progressive education does not view the task of 

education as preparation for the 'ladder' to the professions and academia or as an 

apprenticeship to vocational work; rather education is seen as a way of aiding the child's 

own 'inquiries' or 'discoveries', a process facilitated by 'activity' methods which move the 

pupil away from the role of passive recipient to one of active agent in the Iearning process" 

(Goodson, 1993, p. 28). There is a heavy emphasis on the student-centred feature of the 

Program of Studies. 



Two of the teachers in this study can be classified as having a pedagogic approach 

to biology. Teacher B is presently working in the Learning Resource Centre of the high 

school and uses an bbindividualized" approach to teaching biology after having taught 

biology in a haditional classroom for more than twenty years. This individualized 

approach means that each student is given a package of prepared material for each unit and 

works through this material on theu own or in small groups, with the help of the teacher. 

The class becomes more traditional for labs, short lectures, or tests. This individualized 

approach puts more responsibility on the students for their own learning and, to sorne 

extent, d o w s  students to leam at their own rate. Teacher B dso has less than traditional 

views on the subject matter he kaches. 

When I say I'm an educator, 1'11 foilow the cumiculurn but I think we're educating 
kids. I don't think we're teaching subjects necessarily. That's my feeling. Give 
me whatever vehicle you want. So if they want to upgrade or change the biology, 
go ahead. (kacher B) 

For this teacher the focus is on the student raiher than the subject and the classroom allows 

for individual diferences between the students. 

Teacher E works in a more traditional setting, but aiso has a philosophy of teachuig 

biology that is pedagogicai. When asked to describe his teaching style, the response was: 

Studentwtred. Students are responsible for their own Leaming and it takes a 
while for the students to understand that, but tkv're reswnsibIe for their own 
Jeaahg. Ueacher E) 

The student centred focus is combined with an emphasis on student understanding as 

opposed to the accumulation of knowledge. 

Knowiedge, I'm not even interested in knowledge anymore. Get your textbook 
(Teacher E) 

and 

1 think that it's more important that the student end up understanding something 
than they do knowing something. (Teacher E) 

Although the pedagogic nature of Teacher E's approach is less obvious than is the case 

with Teacher B, the major clue is a de-emphasis on the accumulation of knowledge as one 



of the major objectives of the course. This completes the description of the first position of 

this element, 

TEE UTILITARIAN TRADITION 

The second position of this element of the clue structure is Goodson's "utilitarian 

tradition*" The utilitarian tradition is based on the accumulation of usefd knowledge andlor 

skills. "Utilitanan knowledge thus becomes that which is related to those non-professional 

vocations in which the majority of people work for most of their adult life" (Goodson. 

1993, p. 27). Goodson gives an example of government cornmittees and commissions 

pushing for the addition of this type of materiai into schwl subjects but iargely being 

ignored by an educational establishment that puts a high premium on academic knowledge. 

He also points out that the demand for utilitarian training is most strident at times of 
* .  

economic or social crisis. This f i  ts well with the ~ e c o ~ u c a h o n  in Al berta: Pol icy 

S tatement (Government of Alberta. l98S), w hich was the philosophical genesis for the 

changes in the Alberta biology curriculum with its emphasis on citizenship, everyday Me, 

and careers (other than research biologist). 

Teacher C's image reflects this category primarily because he views the changes as 

an oppomuiity to teach useful "thinking skills." 

1 like the courses in biology. 1 think there's more room to test and develop student 
thinking than in the older pro gram... But 1 think now there's a lot more 
opportunity for the students to a c W y  think and integrate some of the 
interdisciphary things in the course and put them together. (Teacher C) 

This is aligned with the recommendation of professional scientists that science students be 

equipped with the skilis that would be useful in the "reai" world. This completes the 

examination of the second position. 



THE ACADEMIC TRADITION 

The f d  position of this element is the "academic tradition," and &&on (1993) defmes 

an academic subject as one that is "content-focused and typically stresses absûact and 

theoretical knowledge for examination" (p. 25). The extemal examination in an integral part 

of the defintion of an academic subject. "Since the nineteenth century 'academic' subjects 

and written examinations have become closely interconnected ... a central critenon has been 

whether the subjects' content could be tested by an 'able' clientele" (p. 25). The other 

important connection for an academic subject is to the university. "Once successfully 

promoted as an academic discipline the selection of the subject content is clearly 

considerably influenceci 'by the judgment and practices of the specialist scholm in the 

field.' Subjects defmed in this way require a base of 'specialist scholars' working in 

universities to continue the definition and legitimization of disciplinary content" (p. 181). 

For teachers of the academic tradition, the central focus of the course is on the examination 

and university derived content. These teachers also usually view themselves as relatively 

conservative in terms of their teachinp style and often depend heavily on lecturing (although 

they al1 qualif'y this), which is associated with univeaity science instruction as a way to 

present the maximum amount of content in the minimum amount of time. 

Teacher F may be the best example. 

g If you look at your teaching style on a continuum from relatively conservative to 
relatively liberal, where would you put yowseIf? 

f I'm relatively conservative.(Teacher F) 

Teacher F describes her teaching style: 

f 1 think that my lessons are al l  in my head at the moment. I've been teaching so . . 
long-ow at the be of class where 1 want to d what I wm to do 
and I've got my maten=douts, notes, workshee t s !  type of thing 
prepared. At the beginning of a fomal lesson, 1 know where 1 want to go. Where 
I go, however, depends on what they give me. J'II O en a particular topic. set a 



. . . . 
ve a few d e f m s :  the 1s where we're 
ut it. How I go with it and where 1 go with it will depend to a 

large extent to the questions 1 get from them. So the class is interactive, which 
doesn't work very well when you've got kids who sit there. But in this school, 
kids are generdly pretty involveci. They jump in and start to speak. (Tacher F) 

This does not qualify as a traditional lecture but more as a "directed conversation" that 

allows students the opportunity to participate in the lesson. The academic tone of the 

lessons can be judged from: 

One of the main things that 1 want to do in all of this is change some attitudes and 
change some knowledge. 1 find that 1 will try to take misconceptions and change 
them. There are a tremendous nurnber of misconceptions out there about biology 
and human physiology. 

g Give me a .  example. 

f Huge levels of and a n t ~ m r n o r p ~  conceming Living 
things. The idea that cells "use" diffusion to get their food instead of diffusion 
occurs and that is how cells get their oxygen or how cells get their food. 1 
especially do this with the IB students who know the difference between the two. 
By teaching the gifted kids, fie facts for them are very. verv detailed. What 1 want 
to do with them is challenge them more about biology in a bigger sense. 
(Teacher F) 

There are also clues to illustrate that the emphasis is on biology content in her classes. 

To do a reproduction unit on the idea of technology and then nin everything 
alongside i t  1 think they get that in CALM [a required course, "Career and LXe 
Management"]. I think that the idea that reproduction is something that I'm going 
to control or something that's going to be paxt of me. 1 like to see it moved away 
from human centered. So, 1 think it's useful and beneficiai for students to see 
biology connected to themselves but., hate to see this humn centered view of the 
world. neacher F) 

As already mentioned this teacher has strong ties to the Provincial Examination, having 

marked the test from 1987 until the present This teacher's academic focus carries over to 

her feelings about the Examination. 

You have to have a reality check. How does this affect the ESL student? But on 
the other hand in you're going to be writing in English, in a highly verbal science, 
unfaminately you have to bring your level of literacy up. Jt's robablv harder fa 

but 1 don t t m  it s p o s s i b l e r d s  for those students. Y - 9  
W 

meacher F) 

In both of these cases the key point is that the integrity of the subject as an academic 

discipline must be maintained against what might be interpreted as the whim of changing 

educational objectives. 



Teacher H sees his teaching style as: 

I'd say it's relatively Liberal. Jt's lecture but it's almos t... the notes are very formal 
but the actual process is very informal. S o  mth e r than a 

It's a one-on-several discussion and I'm 
quite prepared to be intempted or stop any t h e  and deal with a situation that has 
some context with what we're dealing with or even if it doesn't. So long as i f s  
somewhat relevant to what we're dealing with, then we stop and ded with it 
(Teacher H) 

Teacher H sees the course primdy in ternis of content. 

So Alberta Curriculum sets the content for that, so really it's the application, the 
stories, the personal background that highlight the course. But the course is reallm 
canned set of materiai that has to be covered. (T'cacher H) 

The emphasis on content is justified by referring to the Provincial (diploma) Examination. 

Right now the problem is, for me at least, to score on the diploma the problems 
are content The physiology of reproduction and of the nervous system is very, 
very specific. So, in order to understand it, you have to go into quite a bit of detail 
and that's the level that Alberta Ed is examining at ri@ now. Very fme detail. 
(Teacher H) 

It should be noted here that "academic" does not necessarily mean "boring" or "uncaring" 

or "ineffective". This teaching style has k e n  used successfully in a lot of different places 

for a very long time. 

g If I'm a student in your class, on a day-to-day basis, what's the class like? 

h Biology's got a lot of facts in it. I quiz maybe two or three times a week. So 
we're going through a lot of information and I think the kids get discouraged when 
then have to Look at ten pages of notes and Say "oh my God, now I've got to leam 
ail of this stufr'. So 1 try to force i t  After two periods, maybe three periods 
depending on whether or not we've seen a füm or something like that, then we're 
going to have a quiz. 1 think retention is better and leaming it the second tirne 
around if they've leamed it relatively thoroughly the first time. So 1 just have them 
leam just littie bits of information, and then a quiz. So, it's twice maybe three . . times 
a week Jt's a lot of lecture and a lot of s t e  0 because I don 't believe in rust 

on oui There has to be a context in everything that 1 do, 
whether or not that's the adrenai gland in some specific situation that you have to 
respond to or some reproductive technology or in molecular genetics, the genetics 
of DNA. Why is this molecule important? What are the things you can do if you 
understaad how to tum genes on and turn them off again. Like regrowing of limbs 
or cloning or growing organs for organ transplants and then you don't have io 
wony about immunosuppressants. Those kinds of things. There has to be a 
strong application and- to teach infomiallv and the= had better be i o h  
or wit or somethinp where theMds c m  laua. ûtherwise, dryness and biology are 
at the wrong ends. So we trv to have fun. It's ~ o t  to be fun for w d s  I think 

t teacbers have to be gart of the chêin, And so 1 am. I've got canned stories just 
like everybody does and a canned act for certain things and 1 know al l  teachen do 
and the kids appreciate that and they sit up and listen. That's what bey remember 



and so it's not just fact after fact aithough there has to be that but it's also 
entertainment; having fun. (Tacher H) 

Teacher A describes her teaching style as consewative. 

1 try to make it more applicable to their H e  and in that way it's still consexvative. 1 
te consenrative. I've changed my style. 1 don't think the 

kids attach to lecturing as much as they used to, so I've switched to a lot of group 
work, individual study. 1 still do lectures but I&y to it u& 
f b. Rut that s sbll a amservati 9 -  ve style. (Teacher A) 

This teacher also tends to focus on the academic nature of the course. In particular, she 

continually makes reference to the medical aspects of the course. This is probably because 

of her own background. 

Like I worked in intensive care at FootLUUs Hospital so I saw stuff and patients and 
we did s tdf  in our research that 1 have always shared with my kids because it was 
practical. So a lot of the diagnostic stuff I have always done. I probably wodd 
have intensifiecl it. At the F m w s  Hospital 1 had to rnedical students at 
JabL The way we trained them is to use a questioning technique where they have to 
start with the knowledge they have and then you build on that It seems to work 
quite well. That's sornething that 1 know 1 need to do more in my classroom and 
I'm totally unsuccessful at it. When you've got big classes A ' s  OK one on one, 
but its not OK, at least 1 haven't integrated it into my classes, when you've got 40 
kick in the class. v a c h e r  A) 

Many academic students who enjoy biofogy have an interest in medicine, so this emphasis 

has a lot of suppoa in the classroom. In terms of the Examination, this teacher has some 

criticism, but the citicism is more related to the marking than to the content or the 

philosophy of the test. 

I've rnarked up in Edmonton and sometimes 1 personally have contested sorne of 
the answers because they weren't as complete as they should be. Last tirne I 
marked, which was last summer, they seemed to have checked out at university or 
sornewhere... they've checked out the answers so that now they seem to be more 
encompassing. But before, UV students who had extra 

w e d  w if thev h e  w 
n to know it t h a e v  Iost the marks_ 

t's t o w  unjust. That's my personai opinion, dong with the rest of 
Calgary. (Teacher A) 

In the view of this teacher, the Examination penalized students whose teachea had stressed 

academic content. 



Teacher D is diffcult to categorize. This tacher does not reflect a pedagogic image 

because she does not focus on child-centred learning, although she is moving toward this 

form of teaching. 

Weii, I'm ver-  organized but I'm getting away from the lecture and I'm getîing 
away from me king the sole source of information. (Teacher D) 

There is no evidence from her discourse that she puts any emphasis on the utiiitarïan 

tradition. What &es things dincult is her objection to the content emphasis of the 

Provincial Examination, while maintainhg her own focus on taching content. 

More kids discussing articles they read in the paper. Those kinds of things. Trying 
to do more of that. J mean whefi vou're c a e n t  driven. there s a , . (Teacher D) 

and 

g How do you feel about the march through the phyla? 
. . 

d Well 1 miss that. I think that w a s s o ~ d .  sQLid background for b e m  
b io lw .  (Teacher D) 

This completes the malysis of the three positions associated with Goodson's traditions. 

The introduction of a new curriculum puts pressure on teachers to reexamine their t e a c h g  

methodologies and, in some cases, to leam new material. It c m  also mean that teachen are 

asked to abandon favoured subject matter, materials, and activities. For teachen, these 

changes cm result in challenges to their feelings of competency and to increasing demands 

on their tirne and energy. Teachers Vary in their response to these new demands, with 

some embracing the change, while othen atternpt to adapt the proposed changes to their old 

methodologies. - 
Fullan's (1982) cnteria for assessing change can be used to analyze the teacher's reaction to 

the introduction of the new curriculum. The fmt of Fullan's criteria is "Does the change 





individualized program and this has required a large investment in his time and energy. 

Although he has some concems, he points out that he feels good about these changes 

because they were instituted by him and he goes on to point out that, in his case. intemal 

changes are much easier to tolerate than external ones. 

Teacher B: 

As we were saying earlier, I'm probably enjoying it more. 1 have to say this 
morning driving to work, 1 thought I'm really enjoying thisO 1 feel enthused about 

W. ' 9 
a lot 9f chwces with kids and with e Ç r e a c h e r  B) 

and 

Jdon tthinkI 
9 -  worked that hard s nce 1 be n t e a c m  (from September to end of 

November). Getting booklets ready and :much as you left me [this was my 
classroom the year before], it's not mine and it doesn't work that way. And 1 know 
next time I'm going to have to modify it again. But at least 1 feel cornfortable 
enough to say "OK 1 can work with this if i really have to." My uncertainty about 
what I was doing and the lack of student contml was unnewing. But acre are days 
when 1 walk out of hem and -usted and 1 sav " Well that was al1 

&ht" 1 from that standpoint &~p1dn't have to w o w t  hard. but it was al1 
c h a w  For me, it seemed like I was in control of the change 
and therefore it wasn't being foisted on me. 1 was part of i t  I think what 
happens a lot of times in education is people get reaiiy good ideas and they have this 
idea that we're going to have change. Rather than them making the change, they 
Say "You do this, because 1 think it's a good idea." I think it loses a lot. 

chers and students ar 

(Teacher B) 

Other teachers are positive about change or seem unconcerned about how it affects them. 

Teacher E: 

Change? You get pretty stale doing the same thing over and over. If I see a value 
in it, 1 have no problem ch- DU* enerpr into k. (Tacher E) 

Teacher F: 

g In terms of innovation and change, when you've been teaching as long as we 
have, and you've been through three major cumculum overhauls, what's your 
reaction to those changes? 

f To some extent aev have ke . If 1 still had to go thmugh the phyla, as 
we did in the old Biology 20 p ~ o u l d  have gone shneking out of here 
years ago. If this is Tuesàay, it must be the Echinoderms. So -lad to see a lot 
of the c- that way to things that are more relevant to students. (Teacher F) 



Teacher H. 

g In terms of the changes that have happened, from the old curriculum to the new 
curriculum, how do you feel about it? 

h The course is much more relevant Technicaily it's tougher. Absolutely. Quite a 
bit more tougher, particulariy the molecular biology. ... course is set up 
excelent. &y excellent. 

0 * 
and 

g %t's your o w o n  on inclusion of STS? 

h Oh, -es the cou- ... 1 think a true scientist is one that knows much 
more than just howledge. So they want to apply that knowledge to a particular 
situation. That is one of the roles of science in society and so, it's not a big aspect 
of the course, but it's there and it's an introduction to technology and to the d e  of 
science in society. So 1 think it's applicable. I think it's appropriate and I think it's 
at the level that the kids can understand and have appreciation of. (Teacher H) 

The last three teachen seem to have no problem in terms of available time or any 

womes about a lack of cornpetence. In tems of evidence, not saying that you have a 

problem (time) c a ~ o t  be said to cany the sarne weight as saying that you do. Just because 

a teacher does not admit to having a problem does not mean that they don't have one. 

However, teachen E, F, and H seem to be satisfied with the changes in the curriculum and 

do not appear to have any concems about implementing it- 

THE TEACBER BAS PROBLEMS WITH TIME ANDIOR RESOURCES, 

BUT FEELS THE CHANGES ARE WORTHWHILE. 

The following teachers expressed personal concems: 

Teacher A: 

a 1 like it. I like the STS materials. 1 wish we had more resources because this job 
is long enough as it is and for us to go searching out new information is something 
that we do not have a lot of e f u .  (Teacher A) 

and 

One of the advantages of this STS stuff  is that I am learning new shiff. But the 
* .  . . 

jssue 1s m e .  W ' s  a b g  issue. (Tacher A) 



and 

1 have to give the kids time with Nelson in class. e s o  that 
they can pick any details that might be on the diplorna. ueacher A) 

Teacher C: 

c 1 think it's chdenging to be able to cover all the things that you would Like to 
cover. You've got the time to cover the course content as per the Program of 
Studies, but at the end y u  a lwa~s  w s v o u  could have done more STS. 1 think 
what you have to do is develop some of their thinking skills and if they're able to 
think through some issues in various areas. fleacher C) 

Teacher D: 

1 think sometimes 1 wish 1 taught Chemistry because it's more straightforward and 
the content doesn't go on and on forever, but in some respects it's incredibly 
interesting because there's so much new stuff, interesting developments. The 
whole field of biology has changed so much in the 1 s t  15 years. So it's interesting 
and it's ongoing, but it's ... you never cover the content. It's never end& 

and 

d. 1 don? know what it says in that Program of Studies anymore. . . If I go back and 
look, J oet al1 upset. Oh don't have time to get al1 thts 

g The thing with the Program of Studies, the STS Connections are all this pl: this. 

d Yah, or or or. It's never ending. 

and 

But I've changed my philosophy of teaching because I've been il1 and I'rn not 
ePing to u v s e i f  again w o r u  So, I'rn relaxing more. 1 used to do a huge . . project with them and this year said to hell wi th IL 1' m finding the students are 
too stressed. (Teacher D) 

THE TEACHER BAS PROBLEMS WITH TIME ANDIOR RESOURCES 
AND FEELS THE CHANGES ARE NOT WORTHWEILE. 

The third clue in this section would detect a teacher saying he or she has problems with the 

new cumculum in terms of available time andor their cornpetence to teach it and voicing 

the opinion that the changes in the curriculum were not worthwhile. In the sample for this 

study, al1 of the teachers felt that the changes in the curriculum were valuable, and therefore . 



this last group was not represented. However it should be noted here that although 

teachers F and H felt the changes were worthwhile, there is some question as to their 

interpretation of the curriculum policy image that will be discussed laîer. 

F ~TSlIssues vs ST/Co- 

The Program of Studies recognizes four headings under Specifc Learning Objectives: 

Major Concepts, Knowledge, Skills, and STS Connections. The last of these, STS 

Connections, has been the focus of this study. However, STS Connections can be broken 

down into two separate categories - STS and ST. The relationship between science and 

technology (ST) is an important part of the secondary science program. In junior high 

science it is pnmarily based on "problem solving through technologyY7 where students are 

given a specific problem and must design and evaluate a technology to solve that problem. 

In high school biology these activities are rarely, if ever, carried out. ST (the study of 

technologies and their relationship with biological science) has become a part of the content 

of the course. Some of these technologies are mandated under the "Knowledge" heading 

of specific leaming objectives, while other examples of technology are for optional study 

under the heading of "STS Connections." Some of the optional ST components have 

become "informally mandatory" when they have made an appearance on the Provincial 

Examination. The complex nature of many of the medical and related technologies make 

their actual use in the classroom diffcult. The key point is that, in general, these technology 

examples are handled in the high school biology classroom as additional content and not as 

activities. 

STS deals with the relationship between science, technology, and society. It is the 

addition of the relationship with society that makes it unique. The exploration of the 

relationship between science/technology and society can include a number of things such as 

the nature of science. the limits of scientifc investigation, and the relationship between 

science and everyday Me. Key components of STS are social issues which involve the 



impact of science on society and society on science. These issues require analysis of 

numerous contributhg factors, the weighing of opposing evidence, and a judgment based 

on evidence. These issues c a ~ o t  be taught as content and retain their essentiai educational 

value. However, dealing with STS issues in a high school biology class presents some 

problems for teachers who have concems with t h e  andfor control. Issues can take up an 

inordinate amount of classroom time as students become farniliar with ail of the factors 

involved in exploring an issue and, to be worthwhile, students have to be able to f o m  and 

express judgments that may disagree with the teacher &or with fellow students. In d, 

deding with issues is messy and tirne consumuig and many teachen feel that it is not a 

pnonty, particularly if the material and skills involved are not evaluated on the Provincial 

Examination, 

An important clue in this study is whether or not teachers deal with STS issues in 

the classroom. Are STS issues emphasized in the classroom? Does the teacher try to 

balance STS issues with ST content? Does the teacher emphasize ST content? 

THE TEACHER REPORTS STRESSING STSIISSUES. 

Only Teacher E seems to include the shidy of issues consistently. 

Timewise thedues automâtifgllv CO- across. Once we get it, this is the science 
of it; should it be done? We get that debate going. I buallv 1 b m  I t in at the - . .  
d. In my practice, 1 usuaiiy say let's understand what's happening fmt. Chce 

what's no we understand w let's look at it societv wise. science wise. 
CS wise. Should t be done? Let's go for and against. That requires 

a response on their part, a sharing. (Teacher E) 



THE TEACHER REPORTS ATTEMPTING TO BALANCE STSIISSUES 
WITE CONTENT. 

Other teachers have a blend of issues and content. Teacher B inciudes selections on issues 

in each package of materials that the students receive at the beginning of each unit. 

Students are expected to go through this material on their own. Aithouph there is only 

Iimited discussion of issues in the classroom, Teacher £3 makes this observation. 

So at Least the r e a d a  a are th= and when 1 do have the kids in the classrmm 1 get 
a chance to say "Now, what do you think about this?" We do have a chance to 
debate them but not as much. Although what- what h- here is && 
students debate themselves more. Like in the little groups, they do 
tend to talk abou""or;i,'ve been quite surprised about the amount of on 
topic chatter that goes on. I'm walking around the room and instead of hearing 
about last night's hockey game or who's dating who, J hear kids debatin~ some 

ts of b i m  (Teacher B) 

The key point here is that the students are "debating" the issue oriented material that they 

are given and, although there is little in the way of formalized discussion, the students are 

having the opportunity to evaluate evidence, f o m  judgments, and express those judgments 

to their peen. 

Teacher C illustrates the attempt to balance content and issues. 

Now you're seeing a lot of things like populations, DNA, population strategies, 
and genetics and they're mixing hem together. 1 think that's good, but the studem 

Ilv have to know the material.(Teacher C) 

and 

I think what you have to do is develop some of their thinking skills and if they're 
ous areas, whether it's fetal tissue for 

Parkinson's patients. U they're able to think through an issue like that, that type of 
thinking they carry over into some of the other areas that they may not have k e n  
able to touch. (Teacher C) 

Teacher C also expresses the fmtration of trying to balance content and issues. 

g When you're looking at the curriculum now as it's set up, what do you think the 
biggest problems are? 

re are some t o ~  nto too much deta culzuiv for  th^ 
school stude& In grade eleven the unit on photosynthesis and 

cellular respiration. 1 think those topics are important for student understanding. 



ut I would rather e n d  a 1 ttie more 
circulatory system or the excretory system. Just when 1 look at student interest I 
think that they're important to cover, but the depth with which they want them 
covered is a little excessive for a grade eleven student That's one area. ueacher C) 

This same fnistration is voiced by Teacher D. 

More u s  d i s c u m i c l e s  thev read in the paaer. Those kinds of things. Trying 
to do more of that whepyou're content driven. there's a lm (Tacher D) 

and 

g When you balance core content with STS and issues, how do you determine that 
bahce? 

d 1 don t a have T * ueacher D) 

These teachers have made an attempt to balance issues with content in the biology 

courses that they teach. However, for other teachers, the solution is to decrease the 

discussion of issues almost to the point of non-existence. 

TEE TEACEER REPORTS PUTTING AN EMPEASIS ON STICONTENT 

AND DE-EMPHASIZING STSIISSUES. 

These teachers focus on the content of the course and go into that content in depth 

to the point where there is little, if any, time for the exploration, discussion, and evaluation 

of the issues that çadl be included in the course. For most of these teachers, STS has been 

interpreted as ST and they include matenal on the technology but teach it in the same 

manner as the rest of the content of the course. As already mentioned, these teachers use 

the lack of emphasis on issues by the Provincial Examination as part of their justification 

for this omission of a part of the Program of Studies. 

Teacher A gives sorne clue as to her reason for her emphasis on content as opposed 

to issues. 



I find the biology in Science 10 nebulous. I'm reallv concrete ' and it's 
nat. 1 miss the old Chemistry 10. Physics 10 and Bio 10. Ho=eTre 
adapting. (Teacher A) 

Teacher A is very concerned about the amount of content in the course. 
O . .  ount o b a t e m  RIO 30 s and there's no k t  to what the 

kids can be expected to do on the diplorna, which makes for a very interesting He. 
(Teacher A) 

and 

g 1s there anything new in Bio 2OBO or is it just the sarne shin? 

a It's the- stuff but -ore detaiL more expectations. More expectations in 
genetics, much more expectations with reproductive technology, in the reproduction 
section. A lot more. (Teacher A) 

Teacher A expresses a love of dealing with issues. However, there is reasonable evidence 

that this desire to incorporate issues into the classroom is more theoreticai than actuai. 

. . 
a FLhical issues? 1 love that s a .  I think that in ternis of the whole province, 
that's the area that's least dealt with. Like what are the societal issues, what are the 
ethical issues, and how to treat them? What are the bases for the decision making 
on those kinds of things? 1 guess it depends on the teacher, but 1 know that 1 need 
to sxnd  more e on the lssues especi u ~ w s e d  to be on the 
dioloma. Sometimes 1 don't see them on the diplo-. Considering the emphasis 
that they're supposed to have, I'm surpnsed that they're not. No, I was given to 
believe that they were to be a gwd percentage of the exam and it really hasn't been. 

g Do you think that affects whether you actually do anything about it? 

iberateIv take th a Y es, it does. Am O to del e t  
Not unless 1 suddedy get a windfdi of time. 

(Teacher A) 

When this teacher is asked to describe her teaching of STS she describes diagnostic 

procedures she Ieamed at medicd school. 

t are som g m a  e of the STS m g s  that VOU do? What's an example of something 
that you do now that you didn't do beforë? 

a The practical stdf 1 aiways did. Like I worked in intensive care at Foothills 
Hospital so 1 saw stuff and patients and we did stuff in our research that 1 have 

diamostic aiways shared with my kids because it was practical . So a lot of the 
~tuff u a v e  alwaw done. I p ~ ~ b a b l v  would have intensified i t  (TeacherA) 

Although this does seem to put an emphasis on technology, there seems to be Little that 

would qualify as an issue that the students would be asked to make judgments on and the 

material, although interestinp, seems to be presented as additional content. 



Teacher F associates STS with technology. 

It's something that I've tried to do all dong anyway. Trying to h g  application 
but 1 think the move today toward this is gwd although . . .  1 have not made it my min 
story line as I've heard it referred. &lv r n b  s t o o e  1s s u  the b i o w .  The 

1s an aside, (Teacher F) 

and 

Now 1 understand that we have less content . . now than we did 20 yean agp. b ut 1 
 art of the reason for s to b n w  more t e c w  and leave some space 

for that I'm sony to see information on plants go. (Teacher F) 

and 

... let's bring in topics like contraception, . .  . fertility, determinhg whether a child is 
the t e c w e s .  but only after going to have birth defects. Bnnmn. u ln we've 

understood ourselves as (Teacher F) 

Teacher H also views STS primarily as the study of technology with issues playing a 

secondary or nonexistent d e .  

g How do you work it (STS) in? 

at diabetes then h It depends on the specific situation- we 
look at the technolorrv to treat diabetes. If we're looking at genetic engineering, we 
look at how the process ... what is the- behind genetic engineering but 
what also is the application of it and how is that going to benefit society and what 
are some of the negatives that could result if this process is carried out in an 
unscrupulous mamer, or a non-thinking marner. So there's two sides to it. So 
vou can t can ' 66 " tec hnol ogy 
b 

. (Teacher H) 

and 

I've got a couple of diabetics in my classes so we might end up doing a bit more 
technoloa in ternis of idet ce11 transplants, pancreatic transplants, or insulin 
pumps. (Teacher H) 

and 

g Would you say that you're going to spend less time on it (issues)? 

They ' re things like who 
you can list 5 or 6 societal 

issues that will really fit any kind of issue that is out there. So you can " c d  
those. So the tecbobw is ~ ~ t t y  specific to the science. but the societd issues 
are ai1 the same. (Teacher H) 

For the teachea who view STS as ST, the emphasis is on content and there is IittIe time or 

energy spent on the discussion of issues. The section that follows explores a bit more the 

way the teachen in this study view STS. 



The VOSTS instrument consists of a set of multiple-choice items that capture students' 

viewpoints on various aspects of STS topics (Aikenhead & Ryan, 1992). The teachers in 

this study were asked respond to 15 questions based on modifed VOSTS items that had 

been used eariier to establish a baseiine measurement of Ontario students' understanding of 

STS issues (Crelinsten, de Boer, & Aikenhead, 1993a, 1993 b). The Ontario project was 

initiated because a new science curriculum was established there in 1989 and it included 

STS as a sigtûficant component The organizers of this project decided to use VOSTS 

(Views on Science-Technology-Society) (Aikenhead, Ryan, & Fieming, 1989) because it 

was - and still is - the only instrument available to tap the complexity of STS 

understanding. The 15 questions that were used in this study (see Appendix B) were 

seIected from 29 questions that were used in the Ontario study. 

The purpose of using the instrument in the present study was to attempt to get a 

quick overview of the teachen' views on science education in general and STS education in 

particular. Nine questions were focused on science and six on STS. The questions were 

also selected because they had "correct" answers - that is, preferred answen that were 

based on what the item developers regarded as valid thinking on the issues. Although the 

number of questions and subjects is too s m d  to warrant formal statistical andysis, a 

number of interesting results emerge from the data. The average number of "correct" 

responses was 8 out of 15. This number seems a bit low considering the fact that the 

teachers have an average of 21 years of teaching experience and a minimum of 5 years 

teaching STS in the new AIberta Biology Curriculum. 

Here are the results more specifically. 

1. Science is a group of people (scientists) and what they believe. 



None of the teachea picked the "correct" response to this question that related to the 

nature of science. Three teachea selected "Science is exploring the unlaiown." and 

three teachers selected "Science is using what we know to make the world a better 

place to Iive in." One teacher chose not to answer this question. 

2. Technology is machines and inventions as well as designing things. 

Only one teacher answered this question on the definition of technology correcly. 

3. Everybody should be involved in deciding what types of energy Canada will use in the 

future, because we are al1 affected by the decision. 

Al1 the teachers answered this question correctiy. 

4. We have to accept both the good and the bad effects of technology, because every new 

development has at least one bad effect, and to enjoy the good ones we have to 

put up with the bad ones. 

Two teachers selected this answer. The other five teachers selected "We don't have 

to accept the bad effects of technology, because bad effects c m  be reduced or 

removed through careful planning and testing." 

5. Science and technology alone cano t  solve problerns caused by poliution. 

Six of the teachen selected this response. However, one teacher selected "Science 

and technology can solve problems caused by pollution, because science and 

technology have k e n  successful in solving problems in the pas+ 

6. Women scientists might make different discovenes from those made by men scientists, 

because women have different feelings and experiences from men. 

Only two teachers picked this "correct" answer (both women). The other five 

teachers selected "Different discovenes made by different scientists have nothing 

to do with whether the scientists are men or wornen." 

7. Most scientists are doing science because they want to be looked up to by other 

scientists. 



M y  one teacher chose this response. Four picked Wo satidy their own curiosity 

about the world around thern." One picked "to be weU known &or rich" and one 

picked "because they want to help people by fmding new medicai cures and 

solutions to environmental problems and by new inventions." 

8. When scientists are deciding whether or not to accept a theory: they sometimes accept it 

for reasons that have nothing to do with how well it compares with other theones or 

how well it explains the facts. 

One teacher chose this response. Four selected "They look at the facts and the 

theory. If a theory is simpler andfor more logical than other theones they may 

accept it even if all the facts are not explained." while two chose "they look only at 

the facts. If the theory explains the facts, they accept it. If the theory cannot 

explain even just one fact, they do not accept the theory." 

9. Scientists write about their work in an organized way and in a certain order: they do 

their work in an organized way, but not is the same order in which they write about 

it. 

Six teachers chose this response. One teacher chose "they also do their work in an 

organized way, and in the same order in which they write about it" 

10. Scientific mistakes sometimes lead to new discovenes and therefore science 

progresses. 

All teachers chose this response. 

11. Even with accurate information, scientists and engineers c m  teil us only what will 

probably happen, not what will defmitely happen. 

All teachers chose this response. 

12. If scientists fmd that people working with a certain rnaterial have twice as much chance 

of getting lung cancer as  do other people: this does not necessarily mean that the 

material causes lung cancer. However, more research should be done before the 

rnaterial is used again. 



Ail teachers chose this response. 

13. New technology oui be invented without science. 

Three teachers chose this respome, while four chose "Science is needed in order 

to invent new technology." 

14. Science is one of many good ways of knowing something about the world. Science 

alone however is not enough to know al1 about the world. 

Six teachers chose this response while one chose 'The ody way of knowing about 

the wodd is through science." 

15. Leaming the steps of the scientific method is a waste of t h e  as it serves no useful 

purpose in science or in daily life. 

None of the teachen chose this response. Three chose "Learning the steps of the 

scientifc method is good for doing science and for solving problems in d d y  life." 

Three chose "Leaming the steps of the scientific rnethod may be good for solving 

problems in daily life and may or may not be good for doing science." One teacher 

chose "Learning the steps of the scientific method is good only for doing science 

and not for solving problems in daily Me." 

These results raise some interesting questions about the state of teachers' 

background in the nature of science and STS. It also raises some questions about what 

were considered "correct" responses by the people who designed the original questions and 

their answers. These answers and the questions will be discussed in the next chapter. 

e Che Structure 

The fmt three sections of this chapter constitute a test of the 18 positions that make up the 

clue structure. As discussed in the following chapter, only two of the dues proved 

problematic. The fourth section presents the responses to the VOSTS items that wilI also 

be discussed in the next chapter. 



Chapter 5 

CONCLUSIONS AND DISCUSSION 

This chapter includes both a discussion of the due structure and a number of issues that 

ernerge from patterns of the clue structure that pertain to the situation in Aberta. The due 

structure is evaluated in terms of its ability to discriminate arnong positions that are part of a 

teacher image of c ~ c u l u m  and a revised due structure is proposeci. An examination of 

patterns within the clue structure Ieads to a re-visiting of the "science of life" vs. "science of 

Living" debate that has been a major issue throughout the history of biology teaching. This 

debate re-emerges as teachers stniggie with contrasting views of Alberta Education's 

science curriculum policy image. 

In general, it appears that the first set of dues (Program of Studies) does discriminate 

arnong teachers who consistently, sometimes, and rarety give the responsibility for leaming 

to the student. However, there is a problem with including the Learning Cycle in the due 

structure. The Leaming Cycle is included in the Program of Studies (Alberta Education, 

1995, p. 9) and is a teaching methodology that has a history of success, fitting in well with 

current constructivist learning theories. The outhe of the Leaming Cycle in the Program 

of Studies is fairly detailed in terms of moving f m  the introduction of the lesson to the 

final evaluation of the new leaming (see Appendix E). Conceptually, the Leaming Cycle 

is included in the "Rationale and Phïiosophy" of the biology course by the statement 

"Leamiog is facilitated by relating the study of biology to what the leamers already know, 

deem personaiiy useful and consider relevant. Learning proceeds best when it onginates 

h m  a base of concrete experiences presenting an authentic view of science in the context 



of biology." (p. 1) However, there is no discussion of why the Learning Cycle is included 

in the Program of Studies aside from this general introduction: 'The specific learner 

expectations consist of the knowledge, skills and attitudes that are to be addressed in 

Biology 20-30. The use of the leaming cycle allows students to progress from ... 
[foilowed by a description of the learning cycle]" (p. 9). There is no indication whether 

this methodology is suggested or mandated to teachers and there are no suggestions for, or 

examples of, its use. 

This lack of direction by the Program of Studies could lead to an ambivalence by 

teachers about the use of the Learning Cycle. Its inclusion in the Program of Studies 

indicates that it should be used in the classroom, as its inclusion makes it part of the policy 

of Alberta Education, but lacking any obvious connections to the specific leamer 

expectations or to evaluation, it becomes easy to ignore. This seems to be the case with the 

teachers in this study. Although two teachers (C and E) use of the Leaming Cycle to 

introduce new material (framing the lesson in an STS comection), there is no indication of 

any teacher using the complete methodology outlined in the Proepm of Studies. This 

would indicate thai, although the Learning Cycle is the only specifk methodology 

mentioned in the Program of Studies, its lack of use by teachea means that it cannot be 

used to discriminate arnong teachers positions. So it unsuitable to include in a revised due 

structure (for this and other =visions, refer to Figure 6 later in this chapter). 

The examination portion of the clue structure does discriminate arnong the teachen 

in terms of their reaction to the Provincial Examination. Although one teacher sees no 

problem with the cument examination, most of the teachers have reacted to some aspect of 

the exam, particularly to the lack of STS issues in the essay portion. Tt would be interesting 

to explore the impact on the clue structure of an examination that included an STS-issue 

essay question. It is also interesting to note that none of the teachers commented on the 

STS multiple-choice questions. This may be because, although the questions are set in an 



STS context, many teachers believe the questions can be answered without any reference to 

the STS Connections suggested in the Program of Studies. 

Aikenhead's categoriu are adapted from a category system used to descnbe science 

courses. Its use in this clue structure was effective at discriminating among the various 

levels of use of STS by the teachea involved in this study. The major mmcation used in 

this clue structure is the inclusion of "issues" as a defining feature of STS. In other words, 

to be identified as STS by the clue structure, the teacher's discourse must indicate that STS 

issues are part of his or her lessons. Basically the positions in the due structure can be 

summarized as: teachers ded with STS issues always, sometimes, and (almost) never. 

The use of Goodson's txaditions in the clue structure involves adapting a theoretical 

construct established to account for the history of school subjects to an anaiysis of teacher 

images. Goodson's academic, utilitarian, and pedagogic traditions have k e n  translated 

respectively into these clues: 

- Emphasis on the science disciplinary aspects of the Program of Studies 

- Emphasis on the aspects of the Pro gram of Studies stressing ci tizenship, 
everyday life, and careen (other than research biology) 

- Emphasis on the student-centred feature of the Progmm of Studies. 

These dues worked well at discriminating between student-centred and science- 

discipline-oriented teachers. However, the clue about citizenship, everyday life. and 

careers creates some problems. This position hinges on Goodson's utilitarian tradition of 

practical knowledge and "that which is related to those non-professional vocations in which 

the majority of people work for most of their adult life" (Goodson, 1993, p. 27). This 

emphasis is supported in the Program of Studies by three of the five Goals of Biology 20- 

30 (Alberta Education, 1995): 



-to help students attain the level of scienmc awareness essential for dl citizens in a 
scientifidiy literate Society 

-to help students make infonned decisions about further studies and careers in 
science 

-to provide students with oppominities for acquiring knowledge, skills and attitudes 
that contribute to personal development. (p. 2) 

The new emphasis on STS should address these goals, but no teacher spoke in terms of 

making this ernphasis on practical knowledge an important or over-riding concern in their 

teaching. It is possible that this emphasis is missing from the cumculum policy image 

inherent in the combination of the Program of Studies and the hvincial  Examination. 

This would be possible if these goals are not addressed in the Knowledge and Skills 

portions of the Program of Studies and are not tested in some way on the Provincial 

Examination (the areas of most concem to teachers). It is also possible that this is an 

emphasis of teachers who were not represented in this study due to its small sample size. 

This element of the clue structure also brought out the conflict within Teacher D, 

who said it was necessary to teach biology as a discipline-based academic course with 

which she did not feel comfortable, because of pressure from the Provincial Examination. 

For her, the nature of the Examination forced her to cover a lot of material in depth, 

seriously Iimiting the ways that she could teach. Her solution was to suggest getting rid of 

the Provincial Examination. This raises the possibility that dter a period of tirne the 

Examination becorna the Program of Studies, diminishing the importance of any goals or 

objectives that cannot be mûasured on an examination. 

This component deals with the clues associated with tacher response to the demands of 

change generally, and to the specific aspects of the new program. The fmt element 

combines an analysis of the effects of change on teachea with their opinion on the value of 

that change. The clue structure discriminates between teachea who say they are happy 



with the change and those who express problems. The problems are usually described in 

terms of a lack of time and/or energy. 

It is interesthg to note that the teachers who express the most satisfaction with the 

change include teachers who have been classified as academic and pedagogic - two groups 

that are usually separateci by this clue structure. The teachers identifid as holding this 

position all talk in terms of change k ing  a good thing: preventing boredom, bringing new 

energy to their teaching, and making the course more relevant However, these teachers 

report very diverse methodoiogies and attitudes throughout the rest of the clue structure. 

What is it that unites them in this element of the structure? The answer may lie with the 

congruence of the teachers' c ~ c u l u m  policy image and Aiberta Wucation's curriculum 

policy image. It is possible that both groups of teachers may feel that their own curriculum 

policy image matches that of Alberta Education. In other words, there may actually be two 

government curriculum poIicy images -- one from the Program of Studies and one from the 

Provincial Examination, so each group of teachers can claim one of these matches their 

own. The possibility that two govenunent curriculum poiicy images exist has been hinted 

at and will be discussed in the next section. 

The teachers who are identified as having problems with the changes are possibIy 

saying that their teaching does not match with their perception of Alberta Education's 

curriculum policy image. They say that they do not have the tirne or the energy to do 

everything they perceive is required of them. It should be noted that even though the 

teachers express frustration with the course, they do not seem to have any major criticism 

of the curriculum policy image as expressed in the Rogram of Studies. Teachers' cnticism 

seems to be aimed predorninantly at the Examination. 

The third position would identify teacher discourse about major problems with the 

curxiculum. No such discourse was found in this study, although many teachers around 

the province voiced their opposition to the current curriculum at its inception. This group 

included teachers who were unhappy with the removal of what biology teachers cal1 the 



"march through the phyla," that is, the sequential study of each of the major groups of 

living things. 

The 1st element of the due structure examines the baiance of content and issues in 

the teaching of STS. The structure discriminates well among the group of teachers studied. 

However, it does raise the question of whether or not issues are important in the teaching 

of STS. The emphasis on issues is one of the major changes in the curriculum that many 

successful teachers do not seem to have adopted. The problem seems to focus on 

evaluation. Why teach matenal that is tune-consuming and organizationaily messy that is 

not going to be evduated on a standardized examination, when you can use the time to 

cover material that probably will be? 

e Clue Structure 

The revised clue structure, showing the positions reflected in the discourse of the seven 

teachen in this study, is presented in Figure 6. 



Figure 6: Revised C h e  Chart (Teacher Positions in Bold Letters) 

SOURCES RANGE 
PROGRAM OF EXAMINATION AIKENHEAD'S GOODSON'S EFFECT'S ON STWISSUES VS 
STUDIES CATEGORIE3 TRADITIONS TEACHERS STICONTENT 

Teachers give Teachers feel Single Discipline Pedagogic No problems with Emphasis on 
students exam reflects Through STS time or feelings of STSIIssues. 
responsibility Program of (Category 4). competency . 
for leaming. Studies. 
B C E  E E B E  B E F H  E 

Teachers are 
moving toward 
student 
responsibility. 

Teachers use 
lecture as 
pnmary 
rnethodology . 
F H  

Teachers feel Purposeful Utilitarian Feels time andor Balance of issues 
exam distorts Infusion of STS (this clue did competency is a and content. 
Program of (Category 3). not problem, but still 
Studies discriminate- worthwhile, 
(concern). see text). 
A B C  B C C? A C D  B C D  

Teachers feel the Casual Infusion Acadernic Takes up too Emphasis on 
exam changes the of STS much timelenergy S1'lCon ten t. 
Program of (Category 2). and not 
Studies (support). worthwhile. 
D F  A D F H  A D F H  A F H  



Two I n t e r e s m m  

Two patterns emerge in the nsults of testhg the due structure, and they seem to corne from 

two alternative intexpretatiom of the Alberta Education cumculum policy image. The first 

involves teachea whose own cumculum policy image seems to have a high congruence 

with that of Alberta Education, as expressed in the Program of Studies. In terms of the 

clue charî, they are found within positions that are at the top of each element (Figure 6). 

Although oniy one teacher's discourse is consistently identifled within this group, a 

number of other teacheis' viewpoints demonstrate some of the same traits. The teacher(s) 

within this group use the suggested methodology, agree with the format of the Provincial 

Examination, teach biology through STS, put an emphasis on STS issues, and have 

adapted well to the new cumculum. The teacher(s) also show a pedagogic stance in terms 

of their teacher image, consistent with the Vision Statement in the Program of Studies. 

The second pattern that emerges is dependent on another interpretation of Alberta 

Education's curriculum policy image. These teachers, usually found within positions at the 

bottom of each element, depend heavily on the lecture as a teaching methodology, use STS 

infrequently or for motivation only, focus on the technology aspects of STS, and teach 

STS and ST prirnariIy as additional content rather than context. These teachea are not 

radicals who are attempting to ignore or undemine the biology curriculum of Alberta, but 

are some of the most respected biology teachers in the province who have interpreted the 

cuniculum policy image differently from the first group. They have an academic stance in 

terms of their own teacher image and see justification for that stance from the two major 

sources of the cumculum policy image - the Rogram of Studies and the Provincial 

Examination. 

The Program of Studies itseif speaks with forked tongue. Although it emphasizes 

student-centred methodologies and the use of STS Connections, the document also makes a 

number of references to Biology 20 and 30 as "academic" courses. The 1996-9'7 Bioloa 



on Bulletin (Alberta Education, 19%), which provides updated materiai about 

the Provincial Examkation, makes the point a liüle bit more clearly with "the coune is 

designed for students who are preparing for academic post-secondary studies" (p. 7). (It 

is interesthg to note that although this sentence does not appear in the parallel m s i c s  30 

Bulletin, it does appear in the C h a s e  30 Information Rullebin, raising 

questions about the reason for its inclusion.) The teachers who have a tendency to focus 

on the exam (as in Goodson's academic tradition) are aware of the importance of the 

Provincial Examination in ternis of the reputation of their schwls and in te- of the future 

plans of their students. As noted earlier, these teachea use the lack of questions on STS 

issues on recent examinations as justification for their own lack of emphasis on SI'S. 

These teachers do not talk in ternis of student-centred learning or STS issues as 

taking up too much time or energy. They don't cornplain that they don? have resources, in 

the way that characterizes the middle p u p  of teachen who are aoternpting to incorporate 

the curriculum changes. The academic teachers acknowledge the importance of STS, they 

simply choose to incorporate selected parts (such as the emphasis on biotechnology) that fit 

well into their own curriculum image. They do not spend a lot of thne and energy 

modifying their methodology and they don't "waste" time having students research issues 

that will never appear on a Provincial Examination. For these teachers, there is congruence 

between their cumculum policy image and that of Alberta Education. 

The question that m u t  be asked is how can two groups of veteran biology teachea corne 

up with such different interpretations of the Alberta Education cuniculum policy image? 

The first possibility is that each group sees what they want to see. Each teacher rads  the 

Rograrn of Studies and the Provincial Examinations focusing on things that justify his or 

her pre-formed viewpoint, de-emphasizing or ignoring things tha: challenge that 

viewpoint A large component of a teacher's curriculum policy image is hidher own 



experience, and that includes a feeling for what methodology works best for W e r .  

Teachea who enjoy and do a gwd job of lechiring will look for reasons to continue to do 

that Teachers who don't enjoy 1ec-g or do a poor job of it wiU look for alternative 

methods. 

Another question that might be asked is, whose interpretation of Alberta 

Education's curriculum policy image is correct? To answer that question requires that we 

Iook at the Provincial Examination and its role in forming or shaping a policy image. As 

already stated, the Examination provides feedback to teachers about what at lest  selected 

rnembers of Alberta Education's Evaluation Branch feel are the important parts of the 

curriculum. Given the importance of this test at this time, that opinion carries a lot of 

weight. The assertion that the Examination has emphasized ST content over STS issues in 

recent years was made by a number of teachers whose "images" are d l  over the clue chart. 

In particular, these assertions were made by teachers who have had the most direct contact 

with Evaluation Branch, the teachea who were recently involved in marking the Rovincial 

Examination. There are a number of reasons why content questions would be favoured 

over issues questions, particularly on the fmal essay of the Biology 30 examination (the 

open-response question), which traditiondy has tested STS. First, content is easier to 

mark than issues. On the most recent examination the open-response question eventudly 

was marked by a series of "ticks" based entirely on content Issues questions can require 

students to give their own or someone else's opinion and many science teachers have 

m~ulty marking this type of question. A second reason may sirnply be that the 

observation is based entirely on coincidence and the next Rovincial Examination will 

include an issues-bas& essay question. A third reason rnay relate to what Goodson 

refemd to as the hi& statu of academic subjects and the teachea who teach them. It is 

possible that "academic" teachers tend to move up the status ladder more easily than 

teachers who have alternative methods of teaching. This creates the possibility that the 

teachers involved in Evaluation Branch (examination managers, question wnters, head 



markers, and markers) may include a disproportionate number of academic teachen. The 

importance of the exam to these teachea may be another reason for their desire to becorne 

involveci in its formation and marking. If this is the case, it is possible that the Examination 

is beginning to take on some of the characteristics of the teachea who are most directly 

connected to it. 

The two interpretations of the Alberta Education cmiculum policy image presented 

here are very similar to Bybee's (1993) description of models of cmicuium and 

instruction. 

If a science teacher has decided that knowledge of conceptual schemes is & 
important aim of instruction, then the tacher would include some emphasis on 
method, social issues, and personal development in designing the science program. 
Science concepts would dominate the selection of topics and design of cumiculum. 
However, the curriculum and instruction with personal development as the primary 
aim would be very different. In this case, topics and experiences that focus on 
students' interests and motivations would have priority over concepts. Science 
teachers would introduce concepts that complemented student expenences. (p. 7) 

The two cumiculum policy images are also similar to the two ends of M-Romanyshyn's 

(1996) "spechum of teacher practice" - Le., the Transmission Model (Teacher as Expert) 

and the Transaction Model (Teacher as Facilitator). 

at About the Middle? 

The middle section of the clue structure may represent teachers who see the value of both 

policy images and attempt to strike a balance between the two. The exception to this 

generalization is Goodson's utilitarian tradition, which is set between the academic and 

pedagogic traditions in the clue structure. However, this tradition is more a distinct type of 

curriculum, as opposed to a compromise between the other two, having its own features, 

history and value. As already rnentioned, the utiiitarian tradition refers to the teaching of 

material related to non-professional vocations, citizenship, and everyday life. The "worid 

of work" and the tmining of students for life after school have been major objectives in 

govemment studies and reports such as Science for Everv Student (Science Council of 

Canada, 1984) and SecoadêLy Educahon . . (Government of Alberta, 1985). 



However, there is very Little "career" material in the biology cu~cu lum,  and none on the 

Rovincial Examination, and the teachea in this study do not mention it as an important part 

of their teaching. This seems to be a weakuess in the current curriculum policy images of 

both Alberta Education and its teachers. 

Citizenship and everyday He, though, are aspects of the utilitarian tradition t h a t .  

included in the curriculum policy image; the STS Connections in the curriculum are meant 

to embed both of these aspects into the course content. Theoreticdy, a course that meets 

Aikenhead's criteria as a "Singular Discipline Through STS Content" (Category 4) should 

include an emphasis on citizenship and everyday Me and "develop citizens able to 

participate fully in the political and social choices facing a technological society" (from Why 

Study Science? in Science for Every Studea [p. 131). However, these are the kinds of 

issues that some biology teachers seem reticent to emphasize. 

on of the VOSTS ResuIts 

The VOSTS results, surnmkzed earlier (pp. 90-93), were not helpful for my initial 

objective, namely to see if 1 could confirm how the clues dischinate arnong the teachers in 

this study. However, the results do show a gap between veteraa biology teachers and the 

cuniculum specialists who interpreted the items. The questions and answen are drawn 

from a research project contracted by the Ontario Ministry of Education (Crelinsten, de 

Boerr, & Aikenhead, 1993b) and "a 'correct' answer means the one that is closest to the 

accepted views within the STS literature9'(p. 127). The "correct" answers are, in many 

cases, from a posûnodem point of view that is foreign to many veteran teachers. (See 

Appendix B for the questions.) 

For example, the "correct" answer to question 1 ( Science is ...) "reflects the view 

of sociologists of science, who maintain that science is defined by cornmunity goals rather 

that by an absolute measure of what is me .  The fact that very few students chose this 



option reflects the fact that this view of science is relatively new, and is probably not taught 

in the c lasmm.  In the STS context, this is the most correct answer" (p. 127). The fact 

that none of the teachers in this study agreed with the "correct" answer would indicate that 

unless teachers are made aware of this new definition and are convinced of its validity, 

students wiii continue to get this question "wrong." 

The teachea' lack of success with question 2 (Technology is ...) seems to be more 

clearly a problem of a lack of understanding of what technology is. This is probably due to 

a lack of background, inservice, and resources for dealing with the cumculum, more than a 

shift in philosophy. 

Question 6 (Women scientists ...) revolves around the differences between males 

and fernales in tems of constmctivist epistemology. This theory holds that people 

constnict their lcnowledge of science, and that differences between males and females in 

tems of how they constnict knowledge wiU be reflected in their understandings and 

choices of research topics. This individualization of knowledge is part of postmodernism 

and, at present, not part of veteran teachers' image of science teaching (at least, not the 

seven in this study). 

The "correct" answer to question 7 (Most scientist are doing science ...) is also tied 

to cunent research. "According to sociologists of science, the scientific community has its 

own internai noms of behavior, and scientists are primarily motivated by peer approval. 

Peer recognition is the highest achievement. This social defintion of what motivates 

individual scientists is diffcult to express simply. However, if the teaching of STS issues, 

especially the dynamics of the scientific community, continues to develop, one might 

expect the percentage of the responses for this option to increase over the yeafs" (p. 132). 

This seems unlikely if the teachers of STS are not aware of the findings of the sociologists 

of science (and do aot become convinced that they have some validity and value). 

The "correct" answer to question 8 (When scientists are deciding whether or not to 

accept a theo ry...) is based on the philosophy that is outlined in question 1 (science is 



defmed by community goals). "Case studies in the history of science show that 

protagonists in scientific debates about the validity of theories have a wide range of 

motivations for their positions. Some are carving a name for themselves, othen are trying 

to preserve their own values within the discipline, some are motivated by personal 

hostilities, and so on" (p. 133). This nuis contrary to the philosophy, held by most science 

teachers, that scientific lmowledge and the theories that are generated from it are an attempt 

to reflect an extemal reaiity and not a social interaction. The authors then go on to explain 

that answer (b), selected by four teachen, is also an acceptable answer. This answer is 

based on "Occam's razor," namely the proposition that simple, elegant theories that explain 

the data are most likely to be acceptable. This proposition is part of the background of 

most science teachers. 

Question 15 (Learning the steps of the scientSc method ...) is phrased in a way that 

is likely to elicit a negative response fmm science teachea. "It reflects the reality that the 

steps of the scientifc rnethod as presented in school science classes has very little to do 

with the conduct of real scientifc research ... As for daily Me, the steps of the scientific 

method are not useful. Rather the knowledge derived from a study of science can be 

useful, as well as the nature of scientific reasoaing" (p.141). This exphnation for the 

preferred response points out again the communication gap behveen science teachers and 

sociologists of science (and some educational researchers as well). It also illustrates that the 

implementation of STS cannot be Iimited to short i n s e ~ c e  sessions and the handing out of 

a new Program of Studies, even with support documents. If STS is to have any lasting 

impact, teachen need continual updating and study: it r e d y  is a "new" field. 



Ml-Romanyshyn (1996) describes the process of changing Alberta's science cumcula as 

king "topdown," i.e., controlled and directed by Alberta Education. However, this study 

bas indicated that the message king sent to teachers may, to some degree, be ambivalent. It 

seems that one message is coming from the Rogram of Studies, while. another is coming 

from the Provincial Examination. This may be resulting in a "bottom-up" change in the 

biology curriculum as teachers move to influence the direction of what is actuaily taught in 

the classroom. As already mentioned Roberts (1998) comrnents on the role of teachers 

thus: "through personal, practical knowing as a result of experience and thought, every 

teacher develops his or her own science curriculum policy image which then forms a 

backdrop against which a new policy image is undeatood, assessed, and either dtered to 

make it workable or perhaps rejected" (p. 7). Similady, Kilim-Shnun (1996) puts it that 

"Curriculum developea rnust not deny teachers the opportunity to work through the 

changes and even to reject initiatives in the process. It is only in making what is someone 

else's their own, that teachers can assimilate the reform. They must see that it can work for 

them, and that it is a worthwhile pursuit" (p. 129). Both of these Alberta researchers make 

it clear that teachers modify and even reject curriculum policy. 

In what way and why are biology teaches changing the curriculum policy image? 

This study has indicated that some veteran biology teachers report that they are altenng the 

way STS is taught, and that those alterations do not conform to the Fhgram of Studies. In 

particular, some report that they teach STS as content rather than context, they avoid any 

systematic study of issues, and ihey have difficulty in fmding the time to include STS 

material. In general, there seems to be a feeling of frustration among the teachers involved 

in this study with the way STS is to be tau& even though they dl agree that it is a 



worthwhile reform. Again 1 point out that this study sample is not random or 

representative, so 1 can make no claims about how widespread these feelings are. 

n * . d-Cen tred Riology Rem ated 

However, the question must be asked, why do teachers feel that they cannot or will not 

teach STS the way it is outlined in the Rogram of Studies? The possibility that biology in 

Alberta is becoming increasingly "academic" is woah exploring. An academic subject has 

certain characteristics, such as an orientation away from "useful" knowledge (Goodson, 

lm), that make its objectives different from those espoused in STS education. The 

Provincial Exarninatioo is "academic" in its orientation. This is more a function of its role 

rather than any direct comment on its content or foxm. Goodson (lm) points out that an 

extemal examination of able students is a characteristic of an academic subject. However, 

teachea have reported that one of the reasons they no longer emphasize STS is the 

perception that the STS that is included on the test does not justify emphasis in the 

classroom. This has been a factor in creating the altemative image that has been contrasted 

with the image of the Program of Studies. This alternative cumculum policy image is 

particulariy powerful because of the central d e  of provincial assessment in the politics of 

Alberta's educational Me. 

Provincial assessment is, among other things, a political weapon that is used to 

project an image of a well-organized education system, with a quality control mechanism in 

place and f i d y  controlled by the oflices of the Minister of Education. Assessment is also 

used to motivate (threaten?) students to perform to their maximum potential. A fmai 

function of assessment in Alberta is control of the curriculum. Over the 1 s t  few years 

Provincial M a t i o n s  have played an increasingly important part in determining what is 

king taught is the classroom. Teachen take direction from each Examination, adjusting 

their teaching style and content subtly (or not so subtiy) to respond to directions that they 



interpret from the Examination. Increasingly, for at least some teachers, that interpretation 

results in a diminished role for STS. 

Teacher images (Roberts, 199ûb) and functional paradigms of teaches (Crocker, 

1983) are connected to a community of "iike-minded" teachers, and academic teachers form 

such a community. One of the characteristics of such a community, Crocker proposes, is 

that it is seif'-pexpehrating. A possible example of this is that markers, chief markers, 

question designen, and examination managers are usually chosen on their record as 

successful teachers and, according to Goodson (1993), the teachers who have the most 

status are those who most strongly adhere to the academic tradition. If the teachers who 

create and mark the examination ali  hold the same "functional paradigm," it is possible that 

the examination could begin to reflect that paradigm. The result could be an examination 

that becomes progressively more academic. 

The 1975 C u ~ c u l u m  Guide for B i o l m  0-3û-30 (Alberta Education, 1975) makes no 

mention of biology as  an academic subject in its Introduction or Objectives; indeed, it 

makes no mention of preparation for university. The course gives every appearance of 

being for a11 students. Under the heading of Objectives of Secondary School Science, it 

includes "to contribute to the deveiopment of vocational knowledge and skill: 

a) science as a vocation 

b) science as background to technical, professional and other vocations" (p. 3). 

The 1984Biologv 10-2.0-30 Cumculum Guide (Alberta Education, 19&I) has 

similar objectives and under the heading of Philosophy includes "the program is also 

intended to promote an interest in biology that is not only Melong, but one that could lead 

to the pursuit of careers in the field" (p. 1). Again, there is no mention of the "academic" 

nature of the course, nor any suggestion that the course should be restricted to any 



However, the of Studies: Biolop_v 2û-30. Tntenm (Alberta Education, 

1995) includes this statement "Biology 20-30 is an academic program that helps students 

better understand and appIy fundamental concepts and skills" (p. 2). This designation is 

aiso applied to the other two discipline-related courses - chemistry and physics - and dso 

to the integrated science program (Science 2û-30). However, although dl four of these 

programs are considered academic, "Biology 20-30, Chemistry 2û-30, and Physics 20-30 
. . are disciplinary science courses de-ed as prerequ -d studv" (emphasis 

added) (Wilhelms-Hackman, 1997, p. Il), while Science 23-30 is "an integrated academic 

general science program designed for the academic student" (p. 10). It is more than a little 

ironic that the objective specifically pointing out the post-secondary connection in the 

biology Program of Studies is under the heading "Connections Arnong Science, 

Technology, and Society" (p. 9). 

Although there have been numerous discussions about the relative merits of the 

discipline-based courses and the integrated Science 20-30 program, there has not been, to 

my knowleûge, any public announcement that the disciplinary courses were specifically 

designed for students who were planning post-secondary studies in the sciences. 

However, Kilian-Shrum (19%). in her discussion of disciplinas. courses, includes "such a 

singular approach may not foster scientific Literacy for dealing with decision making. 

Because such a srnaIl minority of high school graduates go on to study science at the ps t -  

secondary level, there is potentially a large cohort of students who would be candidates for 

this program [Science 2û-301. Academics, teachers, and administrators have largely 

rejected this pro,-, and today less that 10 per cent of high school students are enrolled in 

Science îû-30, when up to 50 per cent potentially could benefit. What are the reasons for 

their rejection?" (p. 130) 

It seems that there has been a change in Alberta Education's curriculum policy 

image of the disciplinary sciences. However, this change has not been made explicit to 

teachers or to the general public. The veteran biology teachers in this study have taught 



biology from ail three of the cumcula named above, and although some of these teachers 

report that the course and its examination have become progressively more challenging, 

none describe the possibility of restricting their cornes to a specific p u p  of students. 

This raises the issue of what Alberta Education means by the terni "academic." 

Does an academic course only contain academic students? Are academic students only 

those going to university? What about the several technicd institutes in the province? At 

present any student with a mark of 3% in the prerequisite course, for example Science 14 

has the nght to enter any 201evel science course he or she chooses. Does that make them 

academic? Has that changed? If Biology 2û-30 is now designed as a prerequisite for 

advanced study, is it only for students who plan on going to university to study in the 

sciences? It seems fitting to conclude the study with these questions. 



A HIGHLY PERSONAL EPILOGUE 

1 began my teaching career at Dr. E. P. Scariett Junior High School, which later became 

Robert Warren Junior High. My experience there was a very positive one. 1 fed off the 

energy of the kids and there was never a duli day. 1 found myself c o n t i n d y  innovathg as 

the kids' (1 m o t  bring myself to oLL them c6ildren) needs and demands forced me to alter 

the c ~ c u l u m .  There were oppominities to design whole new courses in an attempt to 

match the interests of the school with the interests of the kids. 

After seven years, 1 left Robert Warren and began teaching at Viscount Bennett 

JuniorlSenior High School. My teaching assignment was a mix of junior high science and 

hi& school biology. 1 had the "pleasure" of teaching a class of grade seven science one 

period and Biology 30 the next. In my first week there 1 had a grade twelve boy walk out 

of my class with the comment "You can't treat me Like a kid!" Slowly but s m l y  1 becarne 

acclirnated to the ciifferences between junior and senior high çchool. 

After six years at Viscount Bennett, the school was closed and 1 went on to teach 

high school biology for the next 14 years. Occasiondly, I am asked what 1 thought of 

teaching junior high and my reply is aiways the same. "In high school, 1 teach the course; 

in junior high, 1 taught the kid." Like most pat answea, this is a gross over-simplification, 

but there is a grain of truth to it 1 would hope that in my high school teaching 1 am always 

aware of the needs and interests of the students that I teach, but the culture of high school, 

unlike the culture of junior high, does not demand it. 

Fntjof Capra, in me Tu- Point (1988) - a book 1 have real problems with, by 

the way - describes the Chinese philosophy of the I Ching. He outlines the idea that 

reality is in a process of continual change and that change rnoves back and forth between 

two poles that the Chinese c d  yin and yang. As 1 came toward the end of this thesis, 1 

was again stnick by the fact that biology teaching has moved back and forth between the 



two poles that Rosenthal and Bybee (1987) c d  "a science of life" and "a science for living" 

and îhat curriculum m m  back and forth between "the acadernic" and "the pedagogic." 

The history of biology teaching over the last one hundred years has been a tale of 

two pedagogues as one group pushes to make high school biology an organized study of 

the cornplex world of Me, while the other group pushes for a science that is relevant and 

interesting to the student The sad fact is this is a history of winners and losers, with oniy 

short periods of tune when the two forces codd be said to be in balance. The introduction 

of "STS Connections" into Alberta's high school curriculum gives the potential for 

achieving that balance, but this situation is far from stable. The Biology 220-30 program 

has changed over the last four years. The "science of life" forces seem to be moving the 

program in one direction and, at present, there seerns to be no balancing force. 

The changes in the biology program coincide with changes in educational 

philosophy generally. The educational philosophy that 1 refer to is not necessarily taught in 

a university, but is the philosophy of public education combined with the politics of 

education, fought out in the public arena and enacted in the schools. When 1 was in 

university and began teaching in the 60s and 70s, Neil Postman's T e a c b ~  as a 

. O  Subversive Acuwty (1969) was rny bible and Car1 Rogers was like God. Since then we 

have gone through at least two "back to the basics" movements and the opposing forces of 

child-centred and acadernic education continue to push back and forth. At present, the high 

profile of Provincial Examinations in grades 3,6,9, and 12 are ample evidence of the 

current position of public education in Alberta There are times thou@, standing in front of 

a class of Biology 30 students, 1 would like to be able to Say "1 teach kids." 
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APPENDIX A 

(Note: Topics and questions in boldface type were regardeci as essential information.) 

1. What can you tell me about your academic background? Anything recent? 

2 Where and what grades have you taught? When? 

3. What kind of professional development activities have you been involved in; particularly 
things related to science and biology? (workshops, conferences, Calgary Biology 
Teacbers) 

4. How do you feel about teaching biology? 

TEACHING STYLE 

1. How would you descnbe your teaching style - conservative or more liberal? 

2. How does student input influence your teaching? 

3. How do you feel about innovation - does it usually improve things? 

4. How have things changed (in general, ie. students, society) that affect your teaching? 

OLD CURRICULUM 

1. How would you describe the old curriculum? How is it different from the current 
curriculum? 

2. How have the Provincial Examinations changed? 

NEW CURRICULUM 

1. What do you ihink are the major changes in the new curriculum? How do they affect 
the way that you achially teach? 

asis on S-T md STS 
content changes 
-increased emphasis on written response . . reased emhasts on issnes 
-increaSedldecreased lab activities 
-increased emphasis on process skills 

2. What are some examples of i~ovations that you have made in your teaching of the 
new c ~ c u l u m ?  Do you think that they are workhg? Would you say that you are 



increasing or decreasing the number of classes like that? Couid 1 sit in on a class 
like that? 

3. What are some of ~roblerns with ~ t r o d n c i ~ h e  new currieala& 

4. How do you decide w u  to teach and what &g& to go to? 

5. Do you ever look at the cuniculum or Program of Snidies any more? 
. . 6. J?ow do von feel about the carrent Provincial Examination? How do your 

students do on the exam? How would you say the exam is changing? 

interesth for students thap 7. Do v m  the new course is more or less 

8 . s e d  w w to core content? 

CHANGE 

of b i o l o c  1. What is the maior factor in c h a - t e a c h i n g  ? 

. 
O nr own desire for ch- 

% 

0- 

-stadents - ~ r o -  of stodies -- 
2. What do you like about the new cumculum? What would you like to get rid of? 

3. What materials do you use from the old cumculum? 

4. What's your favorite biology text? 

5. How do you feel about the Pan-Canadian project? 



APPENDIX B 

VOSTS QUESTIONS 

1. 
a. Science is explainhg the unknown 

b. Science is using what we know to 
rnake the wodd a better place to live in. 

c. Science is subjects like chemistry, 
physics, and biology. 

d. Science is a group of people 
(scientists) and what they believe. 

2. 
a. Technology is how science is put to 
use. 

b. Technology is using what we know to 
make the world a better place to live in. 

c. Technology is machines and 
inventions. 

d. Technology is machines and 
inventions as well as designing things. 

3. 
a. Scientists and engineers should decide 
what types of energy (such as nuclear, 
hydro, solar, etc.) Canada will use in the 
future, because they know bat .  

b. Everybody should be involved in 
deciding what types of energy Canada 
will use in future, because we are al1 
affected by the decision. 

c. People other than xientists and 
enagineers should decide what types of 
energy Canada will use in the future, 
because the decision is a social and 
econornic one, not a technical one. 

4. 
a We have to accept both the good and 
the bad effects of technology, because 

every new developrnent has at l e s t  one 
bad effect, and to enjoy the good ones we 
have to put up with the bad ones. 

b. We don? have to accept the bad 
effects of technology, because bad effects 
can be reduced or removed through 
carefd planning and testing. 

c. We don't have to accept the bad 
effects of technology, because some new 
developments have no bad effects and we 
should use those ones only. 

5. 
a. Science and technology will not be 
able to solve problems caused by 
pollution. because the problems are so 
bad that it would cost too much. 

b. Science and technology alone m o t  
solve problems caused by pollution. 

c. Science and technology can solve 
problems caused by pollution, because 
science and technology have been 
successful in solving problems in the 
past. 

6. 
a Women scientists might make 
different discoveries from those made by 
men scientists, because women have 
clZferent feelings and experiences fmm 
men. 

b. Women scientists and men scieatists 
are al1 scientists, so they make the same 
kind of discovenes. 

c Different discoveries made by 
different scientists have nothing to do 
with whether the scientists are men or 
women. 





b. Science is one of many good ways of 
knowing something about the world. 
Science alone however is not enough to 
know all about the worid. 

c. Science is the best way of knowing 
about the world, even though there are 
other ways of knowing about it. 

15. 
a Learning the steps of the scientific 
method is good for doing science and for 
solving problems in daily He. 

b. Leaming the steps of the scientific 
method is good ody for doing science 
and not for solving problems in daily life. 

c. Learning the steps of the scientific 
method is a waste of t h e  as it serves no 
useful purpose in science or in daily life. 

d. Leaming the steps of the scientifc 
method may be good for solving 
problerns in daily üfe, and may or rnay 
not be good for doing science. 



APPENDIX C 

AIKENHEAD' S 
CATEGORIES OF STS SCIENCE 

1, MOTIVATION BY STS CONTENT 

Traditional schooL science, plus a mention of STS content in order to make a lesson more 
interesting. (The low statu given to STS content explains why this category is not 
normally taken seriously as STS instruction). 

Students are not assessed on the STS content, 

2, CASUAL INFUSION OF STS CONTENT 

Traditional school science, plus a short study (about L/2 to 2 houn in length) of STS 
content attached onto the science topic. The STS content does not folIow cohesive themes. 

Students are assessed mostly on pure science content and usually oniy supeficially (such 
as mernory work) on the STS content (for instance, 5% STS, 95% science). 

3. PURPOSEFüL INFUSION OF STS CONTENT 

Traditional school science, plus a series of short studies (about 112 to 2 houn in length) of 
STS content intepted into science topics, in order to systematically explore the STS 
content, This content forrns cohesive themes, 

Students are assessed to sorne degree on their understanding of the STS content (for 
instance, 10% STS, 90% science). 

4. SINGULAR DISCIPLINE THROUGH STS CONTENT 

STS content serves as an organizer for the science content and its sequence. The science 
content is selected from one science discipline. A listing of pure science topics looks quite 
similar to a category 3 science course, though the sequence would be quite Merent. 

Students are assessed on their understanding of the STS content (for instance, 20% STS, 
80% science). 

5. SCIENCE THROUGH STS CONTENT 

STS content serves as an organizer for the science content and its sequence. The STS 
content is multidisciplinary, as dictated by the STS content A listing of pure science topics 
looks like a selection of important science topics from a variety of traditional school science 
courses- 

Students are assessed on their understanding of the STS content but not as extensively as 
they are on the pure science content (for example, 30% STS, 70% science). 



6- SCIENCE ALONG WiTH STS CONTENT 

STS content is the focus of instruction. Relevant science content enriches this leaming. 
Students are assessed about equdly on the STS and pure science content 

7. INFUSION OF SCIENCE INTO STS CONTENT 

STS content is the focus of instruction. Relevant science content is mentioned, but not 
systematidy taught. Emphasis may be given to broad sàenWic principles. (The 
materials classified as category 7 could be infused into a standard school science course, 
yielding a category 3 STS science course). 

Students are primarily assessed on the STS content, and only partially on pure science 
content (for example, 80% STS, 20% science). 

8. STS CONTENTS 

A major technology or social issue is studied. Science content is mentioned but only to 
indicate an existing link to science. (The materials classified as category 8 could be infused 
into a standard school science course, yielding a category 3 STS science course). 

Students are not assessed on pure science content to any appreciable degree. 



APPENDIX D 

LETTER OF CONSENT 

THE UNIVERSITY OF 
CALGARY 

THE SCIENCE-TECHNOLOGY CURRICULUM PRO JECT 

(Teacber Narne) 
High School 

Dear Teacher: 

I am writing to request your participation in a study of science teaching in the context of the 
new Alberta secondary science program. The shidy would involve you in an interview by 
one of your coileagues (ML Gordon Jasper) for perhaps half an hour, to explore with you 
various aspects of your experience in teaching this program - especially with regard to the 
emphasis on science-technology and STS relationships. We greatly value the opinions and 
judgrnents of experienced teachea such as you, and would be most pleased if you would 
agree to participate. 

Mr. Jasper wili audio-tape the interview and portions of it will be transcribed verbatim. He 
will be using pseudonyms for al1 speakers in the transcription, so that no one can be 
identified, and the audiotapes will be erased when the project is completed. In the event 
that a direct quote from an individual is needed for a writîen report or paper, a pseudonym 
will be assigned to it, and Mr. Jasper will show that quote, and the written context in 
which it will appear, to the individual. 

To achieve a better understanding of your teaching methods, Mr. Jasper would like 
permission to sit in on one of your classes at a time that is suitable to you and, if possible, 
to obtain an example of the materials that you use when teaching STS. Also, at your 
convenience, we would appreciate your filling out a short questiomaire. At the end of the 
project this material wiil be retumed to you. 

Thank you for consideration of this request. If you agree to being interviewed, and the 
tenns of this request, please indicate your consent by signing at the appropriate spot below. 
We appreciate your support for this research. 

Y ours sincerel y, 

Douglas A. Roberts, Professor 
Rincipal Investigator for the Pmject 

Signature of Consent Date 



APPENDIX E 

THE LEARNING CYCLE 

The specifc leamer expectations consist of the knowledge, skills and attitudes that are to be 
addressed in Biology 20-30. The use of the leaming cycle allows students to progress, 
from: 

an introduction framing the lesson in an STS connection relevant to the lives of the 
leamers, and makes connections between past and present leaming experiences, as well 
as anticipates activities to focus students' thinking on the leaming outcornes of the - 

activiîy 

the experientiai exploration of new content that provides students with a cornmon base 
of experiences within which they identify and develop key concepts, processes and 
skills 

a hypothesis-building phase where concepts are developed to describe a particular 
aspect of their experiential exploration, and oppominities are provides to communicate 
their conceptual understanding, or demonstrate their skills or behaviors 

an elaboration phase that extends understanding of key concepts and allows further 
oppominities to practice desired skilIs and problem-solving strategies 

an application phase where the hypotheses, vocabulary and patterns previously 
developed are applied to new situations and related to key concepts and principles of 
science 

a final evaluation of the sigaificance of the new leaming in an STS context to assess 
their understanding and abilities, and provide opponinities for evaluation of student 
progress toward achieving the cumculurn standards. 

In Biology 20-30, students examine phenornena in a variety of topics to show the 
relationships among aU the sciences. Wherever possible, examples should be framed in 



the context of the leamers' own experiences to enable them to rnake the connections 
between scientific howledge and the society around hem, the technology that societies 
have developed, and the nature of science itseif'. (p. 9) 

Biology 2û-30 
Program of Studies 
June 30 (Interim 1995) 
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