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ABSTRACT 

It is a well documented fact that primary teachers as a group 

are quite lacking in their enthusiasm for science, a subject 

of constant concern for those committed to its role as a component 

of the primary school curriculum. 

In order to test the effects of various treatments on groups of 

teachers and pre-service trainees, a 21 item questionnaire was 

developed to measure attitudes towards science in the primary 

school curriculum, towards improving expertise in the area, and 

in the traditional "scientific attitudes and values". 

A new group of pre-service students provided one group and the 
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pilot population, students in their final semester of a Diploma in 

Teaching programme another group, and teachers attending residential 

schools for UG2 conversion and PGl teacher education courses provided 

several other groups based on teaching location. 

Items were selected from the pilot instrument on their ability 

to discriminate between high scoring and low scoring groups 

measured with the Mann-Whitney U test. 

Analyses in the main survey between groups, were carried out using 

Mann-Whitney U test and Kruskal-Wallis one way analysis of variance, 

and between items, using Wilcoxon matched-pairs signed-ranks test. 

All manipulation and analysis of data was carried out with the 

assistance of two computer programs, written in PASCAL by the 

author specifically for this study - one for item analysis, the 

other, a statistical package for analysing the main survey data. 

Findings include support for prediction in the literature that 

change in educat,ion is a slow process, demanding ongoing support 

by the system and teacher education institutions, for teachers 

committed to the change. 

Also, the value of computer support, and advantages of tailoring 

a statistical package to the study, rather than the study to 

analyses readily accessible, are clearly demonstrated. 
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CHAPTER l 

THE LITERATURE 

"They will face a challenging, constantly changing 
world. They will need to possess the abilities to 
recognise problems, apply effective reasoning and 
blend these with opportunities to grapple with real 
problems in a disciplined way, to test their 
developing ideas, and achieve scientific literacy. 

I feel confident that the spirit of inquiry found 
in this curriculum policy statement will be 
communicated to all those responsible for the 
quality of our childrens' education." 

(Landa, 1980:1) 

"There is a recognition in all of our curriculum 
statements that personal inquiry, with appropriate 
rigour, is a basis for the whole educational 
enterprise. 

A child's science education, then, holds a special 
place within the curriculu!t!. 11 

(Swan, 1980:2) 

These introductory comments to the new Investigating : Science 

(K-6) Curriculum Policy Statement (Dept. of Ed., 1980(a) from 

Minister for Education Paul Landa and Director-General of 

Education D.A. Swan would seem to herald a rosy future for 

Primary Science in New South Wales schools. 

Papers in science education journals with titles "Why Are Our 

Elementary School Teachers Reluctant to Teach Science" (Victor, 

1962) and "Why So Little Primary Science" (Symington, 1974), 

and statements such as: 
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"The less than positive attitude of elementary teachers 
toward science is so widely believed that the assertion 
must be one of the truisms of American education. 11 

(Shrigley & Johnson, 1974:437), 

do however affirm the well documented fact that primary school 

teachers as a group are quite lacking in their enthusiasm for 

science. Bealing, reporting a study of the organization of 

junior school classrooms, observed that more teachers omitted 

to give information on science than any other subject, 

11presumably because science was not taught in their classrooms" 

(1972: 234); whilst Appleton seeks a "fairy godmother" to 

emancipate this "Cinderella subject" ·(1977:37). Patricia 

Schwirian, in summarizing the impact of many highly acclaimed 

and well financed primary science curriculum reforms in the 

United States, found a tendency to "start strong, falter, and 

finally fail" (1969:203). 

Locally, John Dooley, reporting an attempt to introduce 

Science 5/13 materials into a Brisbane primary school, observed 

that "teaching strategies did not change; te9.chers began to 

emphasise content and forget the processes" (1977:29). Perhaps 

A.M. Huberman's assertion in this context, that 

"According to systems theory, social systems are stable 
and homeostatic; after minor disturbances they return 
to a state of equilibrium resembling their previous state11 

(1973 :25) 

predicts the eventual fate of this presently renowned educational 

innovation. 

Terri Seddon's recent paper "Australian Primary School Science: 

A Review of Surveys of Practice", reveals that in spite of 

Australian curriculum documents specifying "process skills" 

(Pearce, 1981:30), there is 11a marked emphasis on passive and 

teacher directed learning by the child .•• " (Seddon, 1981:39). 

Further, Cohen's Northern Territory study found a marked 
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discrepancy between teachers' feeling "that each lesson should 

contain some experimental work" and the fact that this occurred 

at most "three to four times a term 11 (Seddon, 1981:39). 

Education authorities, in spite of passive resistance from their 

teachers, claim to be very supportive of an investigative science 

program in primary schools - a position clearly indicated in 

official publications. The New South Wales Department of 

Education in its Aims of Primary Education, states: 

11Learning .•• (is) closely related to the interaction of 
children with the world around them. Through varied, 
related and expanding experiences children's ••• interests 
and curiosity are stimulated, and they are more able to 
develop knowledge, concepts and skills and profit from 
inquiry, incorporating careful observation, systematic 
analysis and recording." 

(Dept. of Ed., 1977(a):37) 

and reinforces this in the science curriculum guidelines with: 

"Science education is a mandatory integral part of the 
curriculum. All children will be provided with experiences 
in science on a regular basis. 11 

(Dept. of Ed., 1980(a):3). 

Susanne Pearce in her summary of Australian state primary science 

policy documents finds that 11an activity-based, discovery-learning 

approach is common to all documents" (1981:34). 

Curriculum Development Centre in its document Core Curriculum 

for Australian Schools emphasises 11 that the core curriculum 

cannot be reduced to the so-called 'three R 1 s 1 ", and goes on 

to list "universal aims of education11 , 11ess ential learnings", 

"basic learning tools and resources", "core learning:processes", 

areas of knowledge and experience", and "learning processes" -

all of which contain a majority of items compatible with 

primary science education, .e.g. "essential learnings include ••• 

skill in interpreting simple scientific data ••• " (C.D.C., 1980). 
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This view is supported by Mary Blatt Harbeck (Science Curriculum 

Coordinator, Washington D.C.) who claims that "educators who feel 

the need to 'get back to basics' recognize that basic skills 

needed now and in the future are not limited to reading, writing 

and computation" (1978:19). 

The tendency to blame teachers for poor response to innovative 

programmes is questioned by Owens and Steinhoff in a statement 

regarding the 1969 "Right to Read" campaign in the United States, 

where they concluded that government attacks on teachers "for 

not already having done the job", implied that th~ teachers 

"already knew how to achieve the goal 11 (1976:3). They go on to 

comment on the common example of 'what can be done' - the "mind 

boggling" achievement of "going from paper plans in the early 

1960 1 s straight to exploration of the moon ••• within a decade" 

forgetting that "by the time the decision to go to the moon was 

made, virtually all the basic knowledge needed for doing it 

already existed 11(1976:5). Wynne Harlen in her formative 

evaluation of Science 5/13 further held that without effective 

communication of the projects ideas, the materials would fail to 

produce any results in practice (1975:24-5). 

The most commonly offered reason for the reticence of primary 

teachers in the science area is lack of science background or 

poor science training (Victor, 1962:186; Symington, 1974:58; 

Appleton, 1977:37). In spite of evidence to the contrary 

(Crossland, 1972:635; Ennever & Harlen, 1972:40; Henry, 1977:53), 

the perception by teachers of the need for expertise in the area 

is a real barrier (Symington, 1974:58; Appleton, 1974:37). The 

4. 



poor background is however real enough - Appleton quotes a 

report by Varley which found 22% of Brisbane primary teachers 

who had not even studied secondary science, and a further 28% 

with study only to year ten (1977:37). John Henry found more 

than 60% of a sample of Victorian teachers with no science 

beyond year eleven (1977:52), however the compulsory study to 

year ten in most states prevents the extreme situation cited 

from Queensland. 

Logical consequences of lack of confidence in the science area 

are a fear of "loss of classroom prestige" (Victor, 1962:190), 

and a (perceived) lack of competence to teach science 

(Symington, 1974:58). Clearly, these are examples of Huberman's 

threat to "professional identity" factor in educational change 

(1973:20). Is it any wonder though that "elementary classroom 

teachers profess to having insecurities about their ability to 

teach science" (Harbeck, 1978:19), when an education authority 

- here, New South Wales Department of Education - presents unsure 

teachers with a II teacher I s role 11 curriculum support document 

which states: 

"When implementing an inquiry curriculum, the teacher 
needs to be a SELECTOR and PLANNER of learning 
experiences, a MOTIVATOR and INNOVATOR of these 
experiences and responsible for establishing an 
environment where pupils will feel free to initiate 
activities and express their own ideas. As an astute 
and willing LISTENER,the teacher should be aware of 
how and when to shift emphasis in order to maintain 
inquiry. The teacher will also actively promote 
imagination and creativity in learners and suggest 
alternative ways of thinking about a problem. As a 
CO-INVESTIGATOR, the teacher's role is one of using 
inquiry/problem solving as the basis of learning. 
This precludes the role of the teacher as the ultimate 
authority and sole source of information" 

(Dept. of Ed., 1980(c):5). 

The New Zealand Education Department is only marginally less 

threatening when it envisages the teacher as a "motivator ••• 
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provider ••• guide ••• questioner ••• listener ••• instructor" 

(N.Z. Ed. Dept., 1980(a):50). 

An important but rather sparsely researched factor for negative 

teacher reaction to science in the curriculum is simple lack of 

interest in the area. Appleton quotes a report by Varley 

indicating that one-third of the Queensland primary teachers 

surveyed were not interested in science (Appleton, 1977:38). 

Eloise Soy found that the most frequent reason given by the 

7.1% of a sample of 422 prospective primary teachers for 

choosing science as a subject field in college was "most 

interested11 , whilst the commonest reason why science was not 

chosen by the remainder was "lack of interest" (1967:511..;z). 

One wonders whether the extensive "lack of background" factor 

discussed above is really the logical consequence of a simple 

"lack of interest" factor. 

An important point is raised by Eloise Soy when she seeks the 

reason for the lack of consistency between the high interest in 

science shown by elementary children, and the lack of interest 

exhibited by college students. Patricia Schwirian's assertion 

that "teachers' attitude toward science ••• is ••• a consequent 

of significant personal and professional experiences" (1969:203) 

supports the notion that the teacher background factor may be 

more than simply lack of science studies, but rather, the result 

of negative experiences of the kind described in Henry Krip's 

paper - "The Screaming Boredom of Learning Science" (1977) -

which have resulted in students opting out of science courses. 

Maybe the "dogmatic element in science teaching, ••• (with its) 

logical presentation of objective knowledg~'(Butler, 1977:40), 
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or science which is "authority-steeped and surrounded by a certain 

mistique" (Alford & Kerrison, 1974:12) simply fails to spark the 

interest of the average secondary school pupil - or certainly those 

likely to pursue careers in primary school teaching. Do we as 

science specialists who have survived the system, fail to heed the 

advice of Don Fabun - that "when we communicate with each other, 

it is useful to keep in mind that our common words may not evoke 

the same image in someone else's mind as they do in ours" 

(1968:33) - and not realise that 1 science' - that 'intriguing', 

'exciting', and 'absorbing' study -may be perceived by many 

primary school teachers as 'threatening', 'formidable', and even 

'dull' - hardly the starting point for meaningful intercourse. 

A further point relevant to "attitudinal set of the ••• teacher" 

(Schwirian, 1969:203) is a general lack of acceptance of science 

as an important part of the primary school curriculum - rather 

it is often considered somewhat of a periferal subject 

(Symington, 1974:57; Alford & Kerrison, 1974:12; Appleton, 1977:38). 

Henry reports less than 50% of Victorian primary teachers 

scheduling science each week and then for less than one hour 

(1977:52), whilst Alford and Kerrison report 60% of Hobart 

primary teachers scheduling regular science,but this normally 

being telecasts (1974:11). "The problem is not so much that 

science is considered unimportant, but rather that science is 

not considered as important as some other subjects ••• (where) 

'standards' are required ••• "(Appleton, 1977:38). It is hardly 

reasonable to expect that already busy teachers are going to 

devote the great quantities of time and energy required to 

offer an inquiry science programme if they see "little or no 
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value or relevance in the processes of science or the scientific 

enterprise" (Schwirian, 1969:203). 

It is not really clear whether teacher attitude toward primary 

science is a defence against a threatening curriculum area, 

rationalization for avoiding time consuming preparation of 

investigative activities, or reaction to public opinion 

demanding 'standards 1 in easily measurable areas. Huberman, in 

his analysis of change in education holds that: 

"Teachers, and to a lesser extent administrators, 
are not rewarded for initiating or carrying through 
innovations. Rather, they are rewarded for stable, 
dependable behaviour. Those adopting change are 
paid the same as those rejecting it and they run 
the added risk of possible failure" (1973 :29). 

This perception of change as a "risky business" where the "rewards 

are inadequate" (Appleton, 1977:39), along with that characteristic 

defensive posture toward innovation originating outside the school 

(House, 1974:3-4), makes the introduction of investigative science 

into an already crowded curriculum a major challenge for the 

innovator, to provide that 11powerful sponsorship11 so necessary to 

1'perpetuate an innovation that lacks internal advocacy" (House, 

1974:52). 

In spite of the formidable task facing the primary science 

innovator, there are urgent needs which must be addressed by 

primary schools: 

"Children of today will have to solve problems that 
haven't been identified using techniques that have 
not yet been invented. An inquiry science problem 
can assist a child in developing the creativity 
needed for such tasks" 

(Renner & Stafford, 1979:298) 

"Of only one thing I am convinced. I have never seen 
anybody improve in the art and technique of inquiry 
by any means other than engaging in inquiry" 

(Bruner, 1961:31) 
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One aim of Science 5/13 is "to encourage children 
to look on science not as a subject to be 'done' 
at special times in special rooms, using special 
apparatus, but as a way of discovering which can 
be applied anywhere at any time, with whatever 
materials happen to be available" 

(Crossland, 1972:629). 

On an encouraging note, Crossland observes that some schools, 

particularly at the infant and progressive junior levels found 

the Nuffield ideas were those they already held (1972:632), 

implying that where some have already led - others can follow. 

This does not however take into account the problems 

recognised by all innovators, that of translating practice from 

the committed experimental environment to the normal classroom. 

Some of the problems of implementing new science guidelines have 

been recognised by the Director General of Education in New South 

Wales in a commitment "towards ensuring the provision of support 

for busy teachers" (Swan, 1980:2), which is followed up with 

support documents covering such areas as Curriculum Materials 

Review (Dept. of Ed., 1980(b))and Teachers' Role Review 

(Dept. of Ed., 1980(c)); and documents produced by regional 

teams, e.g. Excursions:Where to Go and What to See (South Coast 

Region) (Dept. of Ed., 1979) and Getting into Macdonald 

(St. George Region) (Dept. of Ed., 1980(d)). Teacher support 

is provided by the New Zealand Department of Education by the 

provision of over one hundred primary science units - each with 

listings including: Piagetian level, learning outcomes in areas 

of knowledge and understanding, Process skills, Communication 

skills and Attitudes, followed by Activities and Resources 

(supplemented for Australia) (N.Z. Ed . Dept., 1980(b)). 

The Schools Council in the United Kingdom "aims at helping 

children through helping teachers" (Ennever & Harlen, 1972:6) 
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with Science 5/13, materials. It is recognised that children 

will benefit "if teachers have more confidence and find 
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increased satisfaction in their work" (Ennever & Harlen, 1972:29). 

Units produced for Science 5/13, along with support in the content 

and processes area, provide teacher guidance with case histories 

in difficult areas like 11starting points" for a unit, e.g. the 

unit Minibeasts recounts starting points used by three different 

age groups (Parker:6-7). 

Needs enunciated by teachers themselves, in addition to science 

content already discussed, are mainly centred around teaching 

skills e.g. formulating and applying objectives (Harlen, 1973:16; 

1975:77) and class management for group investigative activities 

(Harlen, 1973:33-4). Conflicting responses by Victorian teachers 

to a survey by Henry - 61% based science activities on 'childrens' 

experiences', yet 89% indicated the necessity of a textbook 

(1977:52-3) - suggests a level of confusion regarding the 

objectives of primary science. 

Innovations which demand change in teaching practice, in 

addition to the modification of content usually associated with 

revised curricula, clearly demand a heavy commitment to 

in-service education for teachers. As Edgar points out, newly 

trained teachers form a minority on the staff of most schools, 

and these rapidly conform to the practices of their senior 

colleagues (1973:22-3). Investigative science demands in 

addition to traditional knowledge and skills in-service courses, 

assistance in the classroom management techniques necessary for 

the creation of a new "learning climate11 (Harbeck, 1978:21). 

Alford and Kerrison recommend the use of imported programmes 

to help eliminate teachers 1 inadequate feelings, and to allow 



children to engage in activities with an emphasis on exploration 

rather than explanation (1974:13) - a strategum demonstrated by 

Dooley who found that the introduction of Science a Process 

Approach II (AAAS, 1975) into a school was followed by a reduction 

in "science threatened teachers" who felt they should "know all 

the answers" (19 77: 31). 

In spite of the pessimistic attitude of Edgar to the value of 

pre-service teacher education as an aid to innovation previously 

cited (1973:22-3), teacher educators in general do support the 

view that it does have a role to play. Alford and Kerrison 

advocate "education in science rather than training in science; 

a dynamic rather than a static view" (1974:11). Dooley and 

Lucas found that a "content based course" produced no 

significant difference in student teachers' "scientific 

attitudes" or their "science teaching attitudes", however a 

11curriculum based course!!, while it produced no significant 

difference in 11scientific attitudes", did produce a significant 

improvement in 11science teaching attitudes" (1981:79). The 

value of this finding is however in some doubt in the long term, 

since the post-test was administered immediately at the end of 

the science course, before other subjects had time to eclipse 

its importance (Alford & Kerrison, 1974:12). In the United 

States context, Sherwood and Gabel found a basic science skills 

course for prospective elementary teachers produced no 

significant change in already slightly positive attitudes towards 

science and science teaching (1980:198). 

In summary, a checklist for the successful implementation of 

an investigative science curriculum is compiled from the 

literature in general; Dooley ( 1977:31-2), Appleton (1977:39-41 ), 
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and South Coast Region Inservice (Dept. of Ed., 1981:2-3), in 

particular: 

1. SCIENTIFIC LITERACY - Pre-service courses should include 

compulsory science units, and in-service courses 

in the use of specific resources (e.g. Science 5/13 

or New Zealand Units) should be offered to make 

teachers conversant and confident with the processes 

and products of science. 

2. ATTITUDE TO SCIENCE - Attempts should be made to raise the 

level of interest in science by including enjoyable 

science experiences in pre-service and in-service 

courses. 

3. ATTITUDE TO SCIENCE EDUCATION - Enjoyable science teaching 

experiences should be included in pre-service and 

in-service courses, and effort should be made to 

demonstrate the potential of pupils in problem 

solving situations. 

12. 

4. PROFESSIONAL SUPPORT - Demonstrate to teachers modern resources 

and methods, and provide a backup of advisors, 

consultants and appropriately trained resource teachers. 

5. PHYSICAL SUPPORT - Reduce the demands of time consuming 

preparation on teachers by the provision of adequate 

high quality resource materials, and make provision 

for the co-operative planning of programmes and 

resources. 

6. ADMINISTRATIVE SUPPORT - The active involvement of principals 

and "teaching executives" is necessary since "the key 

people in bringing about change are those responsible 

for staff development - school executives." These 

people have a responsibility "to commence and lead in 

the process of implementation" (Dept. of Ed., 1981:2-3). 



7. PROFESSIONAL INVOLVEMENT - Teachers be encouraged to trial 

new curriculum materials in terms of their intended 

philosophy to experience innovative methods; and 

assume leadership roles in school or district 

planning. 

The purpose of the present study is to investigate the effect 

on the attitudes to science and to science teaching: 

1) of the introduction to New South Wales primary 

teachers of the 1980 Investigating: Science (K-6) 

curriculum guidelines (Dept. of Ed., 1980(a)), and 

2) of the pre-service Diploma in Teaching programme on 

Goulburn College of Advanced Education teacher 

education students. 

Studies indicate that long term effect of innovations which 

involve change in teachers' classroom behaviour is rare 

(Schwirian, 1969:203; Huberman, 1973:25; House, 1974:55.), 

and only occurs if steps of the kind outlined in the checklist 

above are followed. To varying degrees this has been the case 

in some regions of New South Wales with the Investigating 

Science (K-6) implementation. The science education component 

of the pre-service programme at Goulburn College of Advanced 

Education also attempts to contribute in its limited time 

(thirty six hours compulsory core, and thirty six hours 

elective) in the manner recommended. Science content studies 

are also offered in this programme, but are rather poorly 

supported by students. 

Evidence in the literature does not support the ability of 

pre-service or in-service course s to change significantly 
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the attitudes of teachers to science as such (Harlen, 1975-187; 

Earl & Winklejohn, 1977:45; Sherwood & Gabel, 1980:198) -

these attitudes seeming to be firmly fixed by the end of high 

school. Eloise Soy's observation regarding the changing level 

of interest in science between elementary school children and 

teacher education students (1967:515), may be a function of the 

nature of science taught in our schools - perhaps making 

remedial measures appropriate, or perhaps the sorting criteria 

used at the end of high school select against competence in 

science for interest in admission to primary teacher education 

courses - a far more difficult situation. 

There is some support for the role of training to improve 

attitudes to science education (Alford & Kerrison, 1974:11; 

Dooley & Lucas, 1981:79), however Wynne Harlen found :tha.t 

in spite of extensive Science 5/13 orientation, the "teachers who 

used the units successfully tended to be those who already had 

strong preferences for working through child-centred methods 

and for providing children with first hand experience" 

(1975:76). 

This study will investigate effects of the stated treatments 

(Investigating: Science (K-6) implementation, and Goulburn 

College of Advanced Education pre-service teacher training) 

on attitude to science as a component of the primary school 

curriculum. 
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CHAPTER 2 

THE INSTRUMENT 

Selection or development of an instrument for a study of 

this kind requires initially a statement of parameters of 

the target population and of the attitudes to be measured. 

Three populations of pre-service or in-service primary 

teachers were sampled: 

1. The 1981 intake of primary teacher education students 

at Goulburn College of Advanced Education on their 

second day at college - a group which had completed 

primary and secondary education, and satisfied the 

selection/election criteria for entry to the programme, 

but as yet not affected by it. This group was 

available for a one hour session during an orientation 

programme. 

2. The 1979 Autumn intake of primary teacher education 

students during their sixth (final) semester at 

college - a group initially similar to the above, 

but having almost completed the Goulburn College of 

Advanced Education pre-service programme. This group 

was only accessible through the Practices of Education 

course and consequently was available for only part of 

a one hour lecture session. 

15. 

3. Practising primary teachers enrolled in undergraduate and 

postgraduate external studies courses at Goulburn Colle ge 



of Advanced Education in Autumn 1981 - a group 

comprising teachers representing all New South Wales 

regions and interstate. Biases likely to be exhibited 

by this group would be associated with the value of 

upgrading academic qualifications. The group was 

available at the conclusion of the introductory 

assemblies of the May, one week residential schools in 

1981. 

Clearly, while the advice of William A. Scott - that an 

"attitude should be appraised in a sufficient number of 

different ways to ensure convergence on the intended 

construct" (1968:211) - must be considered, time constraint 

on groups two and three in particular, demands attention to 

Wynne Harlen's comments in this context, viz: 

"Assembling data about behaviour always involves other 
people, whose time and efforts must be respected. It 
falls to the evaluator to consider what questions need 
to be asked, to ask only •••• those whose answers are 
honestly needed and can be used" (1973:23). 

Measuring instruments that have been used in the area have 

undergone an evolutionary process, with various forms developing 

to a high degree before extinction in favour of another line 

more suited to a new research environment. Edward Victor's 

instrument investigated primary teacher attitude to science 

education by seeking directly, teachers' reasons for being 

"reluctant to teach science" (1962). Consequently, the 

outcomes mirrored teachers' defensive stance rather than 

identifying the root of the problem. Only one area 

seeking familiarity with objectives - was capable of 

that of 

penetrating this barrier, and in this case the study revealed 
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a complete lack of understanding by United States teachers 

of modern primary science objectives. The "Shrigley-Johnson 

Attitude Scale" (1974: 439-40) addressed largely the same 

problem but worded items in terms of behavioural outcomes, 

and also included items to indicate attitude to science as 

such - a highly relevant area considering possible outcomes 

of Eloise Soy's findings that pre-service teacher education 

students generally lacked any interest in science (1967). 

Published one year earlier - 1973 - by Richard W. Moore, an 

instrument which consciously sought to measure attitudes to 

both science and science in the primary school has subsequently 

gained consistent approval (Earl & Winkeljohn, 1977; 

Sherwood & Gabel, 1980; Dooley & Lucas, 1981). Seven positive 

"position statements" and an equivalent seven negative 

"position statements" - four "science attitude" positions from 

an earlier "Scientific Attitude Inventory" (Moore & Sutman, 

1970) together with three "science teaching attitude" positions 

- are each represented by five 1'attitude statements" with 

Likert-type agree-disagree scales. Scores from the resulting 

seventy item instrument can be analysed in terms of a 

grand total, science attitude/science teaching attitude totals 

(Dooley & Lucas, 1981), positive and negative attitude totals 

(Earl & Winkeljohn, 1977), or individual position statement 

totals. The objectives and pdtential outcomes of the Moore 

instrument are most appealing for the present study, however 

the available time parameters mentioned above make a seventy 

item instrument quite impractical. Further parameters for a 

suitable instrument do however emerge, viz. the necessity to 

investigate both attitudes to science in a number of areas 
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and attitudes to science teaching; and the necessity to 

consider the systematic use of positively and negatively 

worded items. 

In summary, the absence of an instrument completely suitable 

for the present study resulted in the decision to develop 

one, satisfying the following general requirements: 

1. A valid instrument capable of assessing the attitudes 

of teachers and teacher trainees to science in the 

primary school. 

2. Items including location, attitude to science, and 

attitude to science teaching. 

3. An instrument that could be easily administered to 

large groups and requiring no more than twenty 

minutes to complete. 

4. Items which are easily coded allowing large numbers 

to be selectively analysed by computer. 

The approach to measuring attitudes to science teaching in 

the Moore (1973) instrument, was first to enunciate "position 

statements" representing components of the area to be 

measured. The three pairs of "position statements" - one 

positive, the other negative - of attitudes assessed, were 

in the areas of: 

1. Whether the teacher wants to teach science 

"emotional attitudes"; 

2. Whether "facts " or ''processes" of science should 

be emphasised - 11 intellectual attitudes"; 

18. 



3. The teacher's role in primary science 

"intellectual attitudes". (Moore, 1973) 

Next, many "attitude statements" - each with a Likert type 

agree-disagree scale - based on the six "position statements", 

were assessed by judges and pilot testing to yield the five 

best items for each of the six "position statements" 

(Moore, 1973). 

The major criticism of this very well designed instrument 

lies in the definition of an attitude - the involvement of 

"action" (Scott, 1968:205). Particularly with intellectual 

attitudes, the teacher may be quite conscious of the 

attitude he should demonstrate, but only a measure of 

actual behaviour will really assess the true attitude. 

Bea ling (1972 :234), Ennever & Harlen (1972: 15), and 

Victor (1962:191), all comment on the avoidance of science in 

favour of other subject areas. Perhaps the advice regarding 

theoretical physicists attributed to Albert Einstein by Peter 

Medawar, viz: "don't listen to their words, fix your 

attention on their deeds" (Medawar, 1969:10), might well be 

observed here! A further criticism in terms of the present 

study, is the use of thirty items to assess only part of the 

total spectrum of the instrument. 

Indirect measures of science teaching attitudes in terms of 

behavioural outcomes have been attempted by Victor (1962:187), 

Alford & Kerrison (1974:11), and Henry (1977:50, 52) - all of 

whom sought data on frequency and duration of science lessons. 

While this does attempt to satisfy the "action" requirement of 

an a t titude, it does not really avoid the "acquiesence response 
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set11 (Scott, 1968:239) of teachers who know what is expected 

of them - but make ample use of the closed doors of their 

classrooms to perpetuate outdated concepts of "the basics" 

(C.D.C., 1980:4). 

In order to avoid the problem of "ego defense" (Scott, 1968:209), 

a form of "disguised appraisal" (Scott, 1968:215) used by 

Soy (1967:514) and Symington (1974:58) has been modified 

for the present study. In the initial absence of knowledge 

of the exact intent of the study, respondents are asked to 

rank a random list of primary teaching subjects according to 

each of the following criteria: 

1. Teachers' perception of pupil interest in the area; 

2. Teachers' perception of importance to pupils' education; 

3. Weekly class time allocated; 

4. Teachers' perception of competence to teach. 

From the list, the rank given to science is coded, in the 

expectation of different group attitudes being indicated by 

different distributions of this value. 

To avoid negative response to the instrument, particularly 

following discovery by the respondents of the disguised 

appraisal technique, and to preserve the disguise, the 

introduction to the survey was in the following form: 

1. Rapport built up with the groups of respondents in 

person, emphasising importance of the study to personal 

and programme development (Scott, 1968:239). 
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2. The questionnaire headed "Curriculum Area Attitude 

Survey" and no mention made of science until Part C 

(question 9), where the second part of the personal 

details (Education in Science) follows the above 

"ranking" items. 

3. The group told that "the survey begins in general 

terms but moves off at a tangent later on", followed 

by emphasis on the points that for the sake of validity": 

a) they must not know this "tangent" at the beginning; 

and 

b) they must work straight through the instrument and 

not return to early items after answering later 

ones. 

For a comprehensive survey of "scientific attitudes", one must 

begin with the Moore & Sutman "Inventory of Scientific Attitudes" 

(1970). As with the later Moore "Science Teaching Attitude" 

scales (1973) cited above, this instrument began with the 

enunciation of "position statements", for which numerous 

"attitude statements" were written. Assessment by judges, 

and pilot testing were then used, to find the five "attitude 

statements" for each "position statement" which 11 (1) received 

the greatest support from the judges and (2) were not 

unanimously endorsed or rejected" by the pilot group (Moore 

& Sutman, 1970:87). The position statements are grouped by 

Moore & Sutman into "intellectual" (1-3) and "emotional" 

(4-6) categories, and for each positively worded statement, 

there is an equivalent, negatively worded one (1970:86). 

Closer scrutiny reveals also in positions number three and 

number six, a considerable "personal" component. The Moore & 
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Sutman "position statements 11 are listed below: 

"1-A The laws and/or theories of science are 
approximations of truth and are subject to 
change. 

1-B The laws and/or theories of science represent 
unchangeable truths discovered through science. 

2-A Observation of natural phenomena is the basis 
of scientific explanation. Science is limited 
in that it can only answer questions about 
natural phenomena and sometimes it is not able 
to do that. 

2-B The basis of scientific explanation is in 
authority. Science deals with all problems and 
it can provide correct answers to all questions. 

3-A To operate in a scientific manner, one must 
display such traits as intellectual honesty, 
dependence upon objective observation of 
natural events, and willingness to alter one's 
position on the basis of sufficient evidence. 

3-B To operate in a scientific manner one needs to 
know what other scientists think; one needs to 
know all the scientific truths and to be able 
to take the side of other scientists. 

4-A A Science is an idea-generating activity. It 
is devoted to providing explanations of natural 
phenomena. Its value lies in its theoretical 
aspects. 

4-B Science is a technology-developing activity. 
It is devoted to serving mankind. Its value 
lies in its practical uses. 

5-A Progress in science requires public support 
in this age of science, therefore, the public 
should be made aware of the nature of science 
and what it attempts to do. The public can 
understand science and it ultimately benefits 
from s cientific work. 

5-B Public understanding of science would contribute 
nothing to the advancement of science or to 
human welfare, therefore, the public has no need 
to understand the nature of science. They cannot 
understand it and it does not affect them. 

6-A Being a s c i entist or working in a job requiring 
scientific knowledge and thinking would be a 
very interesting and rewarding life's work. I 
would like to do scientific work. 

6-B Being a scientist or working in a job requiring 
scientific knowledge and thinking would be dull 
and uninteresting; it is only for highly 
intelligent people who are willing to spend 
most of their time at work. I would not like 
to do scientific work. 

(1970:86-7). 

"Scientific Attitude" scales used by Moore in support of his 

"Science Teaching Attitudes" were those numbered 1,2,4, & 5 
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in the abov.e list (Moore, 1973:274; Earl & Winkeljohn, 1977:42). 

Moore gives no reason for his exclusion of the two more 

"personal" positions, but presumably a need to reduce the size 

of the instrument and/or the weighting of purely science 

attitudes in the total score emerged. Ormerod developed a 

twenty item instrument, with twelve items classified as SUBATT 

(school science attitudes) and eight as SOCATT (science in 

everyday life) (1973:647). There is no "position" represented 

in Ormerod's instrument which is not included in the more 

comprehensive Moore & Sutman Inventory. 

Since the only objection to the use of Moore & Sutman's 

original "Scientific Attitude Inventory" as the "science 

attitudes" component of an instrument for the present study 

(in the absence of any more behaviourally oriented items) 

was its length - sixty items, the decision was made to 

carry out an item analysis on the inventory to find that 

one item, which best discriminates between high and low 

attitudes for each of the twelve position statemen,ts. A 

pilot instrument (Appendix A) was constructed as follows: 

Part A 

Part B 

Part C 

Part D 

Personal Details (excluding specific 

science items); 

The four science teaching scales described 

above; 

Pupil interest, Importance, Time allocation, 

Competence to teach. 

Education in Science; 

Academic and Curriculum, present and intended. 

Scientif ic Attitude Inventory; 

The complete Moore & Sutrnan inventory 

(19 70 :93-4). 
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The pilot instrument was administered in the manner 

described above to Group 1, the sixty six new general 

primary students at Goulburn College of Advanced Education 

on their second day at college. Before discussing the 

item analysis of the inventory however, two other points 

must be discussed - the systematic use of positively and 

negatively worded items, and the Likert type response 

scales used. 

William A. Scott in his paper "Attitude Measurement" (1968), 

and Shaw & Wright in the introduction to their compilation 

of "Scales for the Measurement of Attitudes"(1967), both 

advise the use of pairs of items, one worded negatively with 

respect to the other, to ensure validity in the assessment 

of the attitude. The reasons given however are quite 

different. Scott advocates an equal number of "pro (direct

worded)" and "con (reverse-worded)" items to counterbalance 

the "acquiescence response set" common with "accept-reject 11 

items (1968:239). Shaw & Wright on the other hand claim 

that positive attitude and negative attitude are really part 

of a continuum,,both extremes of which must be assessed 

(1967:18). Moore & Sutman (1970) and later Moore (1973) 

accept this latter view and write all "position statements" 

in pairs - one positively worded, the other a negatively 

worded version of essentially the same position. Subsequent 

analyses by Moore & Sutman revealed that not only did a 

difference exist between the positive and negative attitudes, 

but if an attempt to teach for improvement of positive 

attitudes was not coupled with teaching for decrease in 

negative attitudes, then one improved without the other to 
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a statistically significant degree (1970 :91). Earl & 

Winkeljohn in their study took this Moore & Sutman 

finding to the extreme, and separated out four scores 

from the Moore (1973) instrument for analysis, viz: 

Positive science attitude, Negative science attitude, 

Positive teaching science attitude, Negative teaching 

science attitude (1977:44). The present study reverts to 

the Shaw & Wright "continuum" interpretation (1967:18) and 

in general, scores of equivalent positively and negatively 

worded items are combined (after score reversal of the neg

ative item) to yield a score for that attitude position. 

Responses to the Moore & Sutman (1970:87) and Moore 

(1973:271) instruments diverge from the traditional 

Likert scale (Scott, 1968:218), in that only four responses 

are possible, with exclusion of the "no opinion11 option. 

The Moore instrument (1973:274) and presumably the Moore 

& Sutrnan instrument (1970) code the four possible responses 

on a 0-3 scale for computation of statistics. Orrnerod's 

instrument includes the "no opinion" option and extends 

the coding to 0-4 to compensate (1973:652). Shrigley & 

Johnson move the five value coding to 1-5 for convenience 

of manipulation (1974:439) - a practice used for the present 

instrument because of its usefulness with computer analysis 

(leaving zero for initializing variables). Also, a response 

code not observed elsewhere was devised for this instrument, 

viz : 

Agree strongly A+ (5) 

Agree mildly A (4) 

No opinion 0 (3) 

Disagree mildly D (2) 

Disagree strongly D+ (1) 

25. 



The complete item analysis of the Scientific Attitude 

Inventory after initial coding, was carried out on a 

UNIVAC HOO computer with the aid of 

a PASCAL program developed by the author and fully 

described in the next chapter. Here, the requirement,s 

of the analysis and its outcomes will be described. 

26. 

In order to select "that one item, which best discriminates 

between high and low attitudes for each of the twelve position 

statements", one must first rank all respondents on some 

criterion to decide which individuals have high attitudes, 

and which low. Use of total score for the whole inventory 

as a measure of 11scientific attitide" (Moore & Sutman, 

1970:88; Moore, 1973:274; Shrigley & Johnson, 1974;439) is 

of dubious validity, since it assumes additivity of what 

are essentially ranked codes, for a relatively wide variety 

of items (Scott, 1968:219), viz, a mixture of intellectual 

attitudes, emotional attitudes, and personal attitudes. 

A more valid assumption - purely for the purpose of 

grouping based on ranks - is the limited additivity within 

a pair of equivalent (positive plus negative) "position 

statements", to yield an "area total 11
• This method was 

separately used for each of the six areas of the Inventory, 

to determine a high one third of cases, and a low one third 

of cases, for the analysis of each of the ten items within 

the area,"' to find the best positive item and the best 

negative item for discriminating between the high group 

and the low group. 

Initially, the res ponse frequencies for each item wer e compared 

between the two groups using: 



1. Inspection of raw data, 

2. Comparison of the pair of "means 11 , 

3. Comparison of supported/not supported bar graphs, 

4. Chi square. 

Discrepancy between the traditional Chi square and the 

essentially inspection techniques, led to closer scrutiny 

of the available data and methods of analysis. Whilst the 

data cannot be validly called "interval level" (Siegel, 

1956:26) as assumed by Moore & Sutman (1970:89) and Moore 

(1973:275) in their use oft-test and F-ratios (Siegel, 

1956:28), the data certainly does have an ordinal character, 

making valid the use of a test for significant difference 

between two independent samples where at least ordinal level 

measurement has been used. Chosen for this analysis was the 

Mann-Whitney U test, "one of ·the most powerful of the non-
"'

parametric tests, and ••••. a most useful alternative to the 

parametric t test ••..• when the measurement in the research 

is weaker than interval scaling" (Siegel, 1956:116). 

Using results of Mann-Whitney U test as the standard, it was 

found that three of the twelve required items would have 

been incorrectly chosen by the nominal level Chi square test, 

viz: Area one negative Q 21 *>'<**z=3.135 
2 

*X =11.022 

Q 31 ***z=2.994 
2 *X =11.237 

Area four positive Q 43 ****z=3.190 
2 *X =10.870 

Q 41 **z=Z.337 **Xz =13. 73 7 

Area four negative Q 59 *>'<*z.a2. 985 2 *X .. 11.100 

Q 53 ***z=2.862 
2 *X =11. 822 

Significance *0.05 **0,01 ***D.005 ****D.001 
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The complete printout of the analyses, some twenty-seven 

pages, is summarised in Table I, which provides: 

1. The grouping of the questions, 

2. The z values calculated from Mann-Whitney U, 

3. The questions selected with their number in 

the final instrument. 

It is of interest to note that while 68% of the items 

discriminated very well between the upper and lower 

attitude groups - probability 0.01 - with the personal 

items deleted from Moores (1973) instrument being the most 

consistent, 17% or an average of one per area, indicated 

no significant difference between attitude groups. 

Further, 70% of this latter group came from the "intellectual 

attitudes", providing concrete support for Van Dalen's 

contention that: 

"A measuring instrument does not possess 'all-purpose' 
validity. A test may be highly valid for use in one 
situation but invalid if used in another situation'' 

(1966:313). 

Finally, some comment on the validity of the instrument 

developed for this study. 

1. The concept of an instrument for assessing teachers' 

attitudes to science education, including a component 

assessing attitudes to science as such is well 

supported in the literature {Moore, 1973; Shrigley 

& Johnson, 1974; Earl & Winkeljohn, 1977; Sherwood & 

Gabel, 1980; Dooley & Lucas, 1981). 

2. The use of "disguised appraisal" rating scales to 

assess behavioural outcomes of teachers attitudes 

to science in the primary school is supported in 

theory (Scott, 1968:209, 215) and in practice (Soy, 

1967; Symington, 1974). 
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Q 24(13) Q 27 

*z=4.243 z=l.881 
Q 28 Q 35(15) 

z=l.606 ;',z=4.086 
Q 34 Q 46 

z;;:0.426 z=3.558 
Q 36 Q 51 

z=2.325 z=2.993 
Q 38 Q 61 

z=3. 770 z=2.711 

Q 11 (10) Q 13 (11) 
*z=3.428 *z=4.070 

Q 12 Q 14 
z=2.252 z=2.847 

Q 20 Q 17 
z=2.878 z=l.257 

Q 48 Q 47 
z=2.625 z=2.690 

Q 52 - Q 60 
z=3.219 z=3.481 

n = 66 
Critical values of z for groups 
1.28 p 0.10 1.645 p 0.05 

3.1 p 0.001 
* questions selected 

AREA 
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4 
Q 15 

z=2.156 
Q 41 

z=2.33 7 
Q 42 

z=O. 736 
Q 43 (17) 

*z=3.190 
Q 56 

z=l.153 

Q 23 
z=2.078 

Q 33 
z=2.638 

Q 50 
z=l.882 

Q 53 
z=2.862 

Q 59 (19) 
*z=2.985 

2.327 p 
3.3 p 

0.01 
0.0005 

5 
Q 26 

z=2.125 
Q 37 (16) 

*z=3.942 
Q 39 

z=2.143 
Q 49 

z=2.570 
Q 57 

z=3.267 

Q 18 
z=2.953 

Q 22 
z=2.399 

Q 45 (18) 
*z=3.848 

Q 63 
z=3.618 

Q 67 
z=3.489 

2. 5 75 p 
3.7 P 

Question numbers in pilot instrument - final question numbers bracketed 

6 
Q 10 

z=5.180 
Q 54 

z=4.745 
Q 58 

z=5.267 
Q 64 (21) 
*z=5.568 

Q 69 
z=3.609 

Q 29 (14) 
*z=5.127 

Q 30 
z=3. 736 

Q 44 
z=3.306 

Q 66 
z=0.528 

Q 68 
z=2. 726 

0.005 
0.0001 N 
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3. All items in the Moore & Sutman Inventory (1970) 

were adequately screened for content validity and 

construct validity in terms of accepted theory 

(Wiersma, 1969:172,175). 

4. Of the items chosen from the Moore & Sutman Inventory 

for this instrument, two thirds discriminated between 

an upper and a lower attitude group, indicating a 

probability of less than 0.0001 that the groups came 

from the same population. Only one of the items 

indicated a probability lower than 0.001 and was still 

considerably better than 0.005. 

In terms of William A. Scott's seven "Measures of Test 

Adequacy" (1968:251), this instrument is claimed to be 

appropriate for investigating effects of various treatments 

on teachers' attitudes to science as a component of the 

primary school curriculum. 
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CHAPTER 3 

PROGRAM ITEMANAL 

Part of the instrument development procedure described 

in the previous chapter, was an item analysis of the 

Moore &. Sutman 11Scientific Attitude Inventory11 (1970) 

used with a pilot group to identify "that one item, 

which best discriminates between high and low attitudes 

for each of the twelve (paired) position statements". 

Use of computer assistance in the analysis stemmed from 

the solution mentioned in Moore & Sutman's paper, to 

the chore of reversing the scores of randomly mixed 

negatively worded items, and the subsequent selective 

scoring of large numbers of responses (1970:91). Having 

once entered and processed the data, the speed and 

accuracy with which the sixty calculations could be 

made, and the possibility of selecting out data for those 

items to be used in the subsequent main survey, led to 

the development of a complete package for all processing 

and analysis of data. Access to a remote Olivetti TC 485 

teleprinter terminal at Goulburn College of Advanced 

Education, connected by Telecom line to the UNIVAC 1100 

computer at the University of Wollongong, provided the 

hardware facility necessary to run the package. 

Some familiarity and accord with the language PASCAL, and 

the availability of extensive background documentation 

including: 
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1. The Jensen & Wirth PASCAL User Manual and Report (1976); 

2. The Steensgaard-Madsen & Snog PASCAL 1100 Users Manual 

(1978); 

3. Programs written by Dr I.G. Pirie (University of 

Wollongong) for administrative support systems at 

Goulburn College of Advanced Education; 

prompted the decision to develop the program in that language. 

The package was designed to use some of the advantages of 

batch processing, including the use of options which can 

be frequently checked and acted upon anywhere in the program 

by the comparison of simple boolean (true/false) values; 

and some of the advantages of demand processing, including 

the instant checking of output, especially during development, 

and the ability to hold output on tape for subsequent copies 

to be run without further processing. 

The responses were coded with an integer value for each 

question to create sixty nine item, case records as follows: 

Questions 1 - 4 

Questions 5 - 8 

Question 9 

Integers in order of the responses on the 

form; 

The rank given to suence with 8/9 

collapsed to 8 and 10/11 collapsed to 9; 

1 - 5 for the science attainments (5/6 

collapsed to 5) if curriculum elective was 

no, or 6 - 9 (1/2 collapsed to 6) if 

curriculum elective was yes; 

Questions 10 - 69 : 5 for s trongly agree down to 1 for 

strongly disagree; 

32. 



and then placed on a file on the system for checking and 

subsequent addition during runs. 

As an introduction to the description of the program, 

its tasks will be listed to help clarify the purpose of 

each of the various program steps. The program must: 

1. Read in raw data and hold it for future recall; 

2. Reverse the scores of the negatively worded inventory 

items; 

3. For each record, calculate the six position area 

totals and store these with the record; 

4. Sort the records on the position area total for area 

one, to enable identification of an upper and a lower 

group of records for this area; 

5. Determine the frequency of each score for each area 

one inventory item for upper group and for lower 

group; 

6. Calculate Mann-Whitney U and the equivalent z score, 

between upper and lower group for each positively 

worded item in area one - followed by this calculation 

for area one negatively worded items; 

7. Repeat tasks 4, 5, and 6 for position areas two to six; 

8. Print out the raw data for those items selected for the 

main survey in a form compatible with that from the 

other survey groups; 

9. Print out raw and processed data in any readily 

available form which may be useful for inspection or 

checking of the program. 
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Before proceeding with description of the program as such, 

to assist readers unfamiliar with PASCAL, a number of 

characteristics of the language will be briefly mentioned. 

All variables must be completely defined, thereby allowing 

the use of almost any appropriate name - except reserved 

words (Jensen & Wirth, 1976:10) - for any type of variable 

to improve the readability of the program. Any processing 

which is repeated, is written as a sub-routine - called a 

PROCEDURE if a sub-program, or often, if yielding a numerical 

result, a FUNCTION (Jensen & Wirth, 1976:19) - and placed 

before the body of the program, for subsequent call from 

the program body or other procedure. There are a number 

of standard data types (e.g. INTEGER and BOOLEAN) and standard 

functions (e.g. ABS and SQRT) which are pre-declared, and 

assumed to be declared in a hypothetical block surrounding 

the entire program block (Jensen & Wirth, 1976:10). The 

statement for assigning a value to a variable includes the 

symbol := (called "becomes") (Jensen & Wirth, 1976:20), 

statements are separated by the semicolon(;) (Jensen & Wirth, 

1976:7), and the symbols "begin" and "end" act as brackets 

for compound statements (Jensen & Wirth, 1976:21). 

To aid in the location of particular lines in PROGRAM ITEMANAL

included as Appendix C - the line numbers of each procedure 

declaration, and the "begin" and the "end11 for the body of 

the program, are listed in order below: 
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PROCEDURE PRINTDATA 20 PROCEDURE CHISQUARE 127 

PROCEDURE PRODATA 32 PROCEDURE STATS 143 

PROCEDURE SORTMATRIX 63 PROCEDURE PRINTOUT 168 

PROCEDURE WRITEMATRIX 81 PROCEDURE ANALYSIS 226 

PROCEDURE SCORES 91 PROCEDURE SURVEYDATA 284 

PROCEDURE WRITE SCORE 99 BEGIN (*RUN*) 320 

PROCEDURE STATCONST 118 END. 377 

The program will now be traced in terms of a normal run -

illustrated by a demonstration run using only fifteen 

records of data in Appendix D. 

On @XQT, the body of the program begins to run at line 320 

with printout of introductory comments, list of options 

available, and instructions for selecting options. 

Operator responses are not recorded on tape for copying 

(for Appendices), however printbacks of these responses 

are produced by the program. Since the number of options 

accepted is variable, it is necessary to inform the 

computer after the last one has been entered - hence the 

zero, which stops the REPEAT ••••• UNTIL loop expecting data. 

To simplify later IF ••••• THEN comparisons, each option 

number is converted to a boolean (true/false) value in 

lines 347-48 - the use of which is illustrated in the 

following line to check if a survey data printout is 

required. If OP[3] is true, the question numbers - twelve 

selected between 10 and 69 - are stored and printed back. 

The run then calls PROCEDURE PRODATA (from line 358) to 

read in, store, and process the raw data. PRODATA (line 32) 

first labels every item 10-69 as positive or negative "sense" 
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for later selection with boolean values true (positive) and 

false (negative), and then reads in the raw data records, 

one at a time from the file previously written with these 

coded records. When each record is read, it is first copied 

onto the internal holding f,ile RAWDATA, then the scoring of 

the negative sense items is reversed by subtracting their 

(1 - 5) score from six. The scores of the items in the 

various position areas are summed, and the six totals are 

added to the record array ( P[70J - P[75] ). Finally, the 

record array becomes one row of a matrix of scores. The 

next record is then read and processed as before, a procedure 

repeated until a record (added as a marker) with zero as its 

first item is found. If option 5 is included, PROCEDURE 

PRINTDATA (line 20) reads the holding file (RAWDATA), and 

prints it out in the format demonstrated in Appendix D. 

With entry and processing of data completed, control is 

returned to the body of the program at line 359, which checks 

if a printout of the matrix of processed data records is 

required. If yes, a heading is printed and PROCEDURE 

WRITEMATRIX (line 81) is called. WRITEMATRIX prints out 

line by line the record arrays in the matrix, allowing 

extra space for the six, two digit sums at the end of the 

array. On completion, control returns to the body of the 

program at line 364. 

One, followed by the other, of the two parallel item 

analysis options (1 or 2 - differing only in the value 

assigned to FRAC) are then checked. In either case, 

PROCEDURE ANALYSIS (line 226) is called to control the item 
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3 7. 

analysis processing, beginning with a call of PROCEDURE STATCONST 

(line 118) to calculate once only for the run, constants required 

for definition of the upper and lower groups (W, X, Y, Z), and 

constant components in the calculations of Mann-Whitney U (MA) 

(Siegel, 1956:120) and its equivalent z score correct,ed for ties 

(MB, MC, MD) (Siegel, 1956:124). Next, a complete analysis is 

carried out for the position areas in turn, each using a 

different set of assignments from the case statement (line 231) 

to define the area and the questions included. 

PROCEDURE SORTMATRIX (line 63) is then called from line 245 

with the parameter L (one of 70 - 75) to sort the lines of 

records based on L, the location of the area sum for the 

particular area being analysed. A sample printout of the 

sorted matrix is included in Appendix D, showing item P[70] 

for the records in ascending numerical order (Area 1 scores). 

A subsequent resorting for P[71] (Area 2 scores) is also 

included. The sorting process consists of comparing the sum 

item (here identified in the array as A) in pairs of lines. 

If the sum value in the first line is larger than the second, 

the lines are reversed with the assistance of a new array 

(TEMP). TEMP is assigned the values of the first line, the 

first line is assigned the values of the second, and finally, 

the second line is assigned the values held by TEMP. All 

pairs of lines are systematically checked (controlled by 

lines 66 and 68) by starting with the first line and 

comparing it with the second (J + 1), third, ••••• , last; 

then moving on to the second and checking it with each 

successive line; then the third, and so on to the second 

last line of the matrix. On return to PROCEDURE ANALYSIS 



each time, the option to print out the newly sorted matrix 

using PROCEDURE WRITEMATRIX is checked, and as mentioned 

above, this was called in the case of the run in Appendix D. 

For clarity, the method of computing the sum of ranks required 

for the Mann-Whitney U calculations (Siegel, 1956:122) will 

be outlined, before tracing it through the program. First for 

each item frequency distributions of responses are determined 

for the upper and lower groups. These two frequency 

distributions are then combined to allow the required common 

ranking of the scores. Ranking is achieved as follows: 

1. Divide the frequency of the lowest score by two 

and add 0.5 to give the average value of the 

group of tied ranks (Siegel, 1956:122) - the 0.5 

correcting for the scale of ranks beginning at 

one rather than zero; 

2. Repeat with successively higher scores, adding in 

each case, the value obtained' to the total number 

of proceeding ranks. 

The sum of ranks for either the upper or lower group is found 

by summing the products of rank times frequency, for each 

value in the frequency distribution. 

PROCEDURE SCORES is called twice (at lines 247 and 248), 

first with lower group parameters, then with parameters 

for the upper group, to create the frequency distributions 

of responses for these groups. The distributions are stored 

for all items in the area at once in matrices. SCORES 

(line 91), after initializing all values for all items at 

38. 



zero, deals with all records in the group (B to C) one at 

a time, by checking items 10 - 69 for match with item 

numbers for the area (assigned by the case statement - line 

231). When match is found, one is added to the frequency 

of the particular value of the item (line 97). Return to 

ANALYSIS (at line 249) finds testing of option 8, where 

PROCEDURE WRITESCORE is used to print out the frequency 

distributions of the two groups for each of the ten questions 

in the area - complete with a separating heading (GROUP TOTALS) 

if printed with the sorted matrix (option 7). WRITESCORE 

(line 99) prints out value headings, then finds each of the 

ten items as in SCORES above. Next, for each item, the"+" 

or"-" character is chosen by comparison with the boolean 

value in SENSE and· printed, followed by the frequency 

distributions in the format illustrated in Appendix D (Group 

Totals). 

The balance of PROCEDURE ANALYSIS controls the order of 

computation and printout of the ten analyses, from the 

constants, the frequency distributions, and the labelling 

data. First the heading identifies the area, then positive 

items are selected (by comparison with SENSE values) for 

calculation. PROCEDURE STATS (line 143) followed by PROCEDURE 

PRINTOUT (line 168) are then called for each of the five 

positive items. The five negative items in the area are then 

selected and treated in the same manner. 

The parts of the Mann-Whitney U calculation specific to each 

item are computed by PROCEDURE STATS. SCORE, PROGSCORE, and 

RANK are all arrays required for steps in the sum of ranks 

calculation as follows: 
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1. SCORE combines the upper and lower frequency 

distributions; 

2. PROGSCORE builds up and stores for each value, 

a cumulative total of frequencies; 

3. RANK stores the rank for each score, calculated 

from SCORE and PROGSCORE as indicated in the 

"sum of ranks" discussion above. 

The sum of ranks (MR) of the upper group is then 

calculated as previously described for subtraction from the 

constant MA to yield the smaller of the two possible 

Mann-Whitney U values (Siegel, 1956:120). The sigma T 

value (here MT) required for tie correction in the 

calculation of z (Siegel, 1956:125), is calculated from 

the values of SCORE in line 164. Note that "zero" and 

"one" values of SCORE[H] (i.e. no ties) are automatically 

excluded from sigma T by making, each in a different way, 

the product-square expression equal to zero. The z score 

is then calculated from U, sigma T and the group constants. 

PROCEDURE STATS finally includes the option of adding a 

Chi-square calculation to the output for comparison with 

Mann-Whitney U. PROCEDURE CHISQUARE (line 127) takes 

advantage of this special case of two groups with equal 

numbers of cases, to simplify the calculation described 

by Siegel (1956:104). Expected pairs of frequencies for 

each value are calculated by halving the total frequency 

of upper and lower group for that value. A boolean 

variable (ZERO) records any instances of empty pairs of 

cells, and at the same time the calculation is diverted 
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to avoid division by zero in line 139 which would abort the 

run. Chi-square is then calculated by summing the doubled 

(for pairs of cells) CHISCORE values for each value of the 

item. 

The results of the various calculations for each item, are 

gathered and presented in the format illustrated in Appendix D 

by PROCEDURE PRINTOUT (line 168). Data for the bar 

graphs is first collected from the upper and lower frequency 

distributions, followed by calculation of upper and lower 

mean scores and their difference. In printing out the graphs 

and frequency distributions, many values must be included 

in the write statements as variables - some common to the 

whole run, for example FRAC, the factor used to create the 

groups (3 or 4); and some specific to the individual item, 

for example the frequency distribution USCOREMAT[I]. If 

Chi-square is included its value is printed next, along with 

any warnings of empty pairs of cells and a list of critical 

values. Finally, Mann-Whitney U, z score and a list of 

critical values of z are printed. On return to ANALYSIS, 

the next item is selected followed by calls of STATS and 

PRINTOUT. The repetition continues until all five positive 

and all five negative items in the area are analysed, then 

the larger loop - back to line 229 near the beginning of 

ANALYSIS_ moves the analysis on to the next area. 

On completion of ANALYSIS, control returns to the body 

of the program at line 374. The option of printing out 

s e lec t ed items in sur veydata format is again checked -

this time to send control to PROCEDURE SURVEYDATA (line 284). 
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The data produced, to be compatible with later survey 

coding, must include: 

1. a three digit record identification number, the 

first digit being one; 

2. questions one to eight as entered previously; 

3. question nine treated as two items: 

teachers own intended education in science on a 

one to six scale, and one or two for absence or 

presence of interest in a science curriculum 

elective course; 

4. the twelve questions selected from the scientific 

attitude inventory in the order used - coded as 

for raw data (before score reversal of negative 

sense items); 

5. separating space between items for subsequent 

reading as PASCAL input. 

Source of data for output satisfying the above criteria, 

is the holding file RAWDATA, written during PROCEDURE 

PROCDATA. Record arrays are read one at a time from the 

file, counted, the count separated into individual digits, 

the case identification number constructed from these digits 

and a "one", and the formatted three digit number printed 

out. Next, the codes for questions one to eight are 

printed out in the same spaced format, followed by changing 

the composite code of question nine to two simple codes. 

Values of one to five for question nine are left, with 

the next item made equal to one (to signify absence of 

interest in curriculum elective courses). Values of six 
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to nine are converted back to one to six (in a way 

appropriate to the data) and the curriculum elective 

item assigned the value two. Finally, all inventory 

questions (10-69) are checked against the list of 

selected questions read at the beginning of the run, 

and the scores of those required printed out. Records 

are read from RAWDATA, processed as above, and the new 

records printed out until the marker record (with item 

one equal to zero) is found. Control is then returned 

to the body of the program for termination of the run. 

As indicated in Chapter two, this program proved most 

useful as a highly efficient means of processing data, 

carrying out, and comparing analyses seeking discriminating 

power of items. Further, it was equally useful as a rapid 

and accurate means of selecting out that data to be used 

in subsequent analyses. 
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CHAPTER 4 

DATA COLLECTION and ANALYSIS 

With the assistance of science education literature 

and PROGRAM ITEMANAL, a valid instrument (Appendix B) 

capable of assessing the attitudes of teachers and 

teacher trainees to science in the primary school has 

been developed in terms of the parameters discussed 

in chapter two. Data collected with this instrument 

from the three groups listed in chapter two, can be 

used to investigate effects of the two treatments -

implementation of new science curriculum guidelines in 

New South Wales, and participation in Goulburn College 

of Advanced Education's Diploma in Teaching progrannne 

on these practising and pre-service teachers. 

GROUP l: Sixty new primary teacher education students 

on their second day at college provided, in addition to 

data for the pilot study used already, "before" data 

relative to participation in the Goulburn College of 

Advanced Education Diploma in Teaching programme. 

Presentation of the pilot instrument to this group 

differed only from that used for the final instrument with 

groups two and three as outlined in chapter two, in the 

provision of adequate time to complete the longer 

questionnaire. Program ITEMANAL's facility for printout 

in "survey data format" allowed data for those items used 

44. 



in the main survey to be selected out and stored by the 

computer for addition to data from the other groups. 

GROUP 2: Ninety primary teacher education students in 

their final semester at Goulburn C.A.E. provided the "after" 

data relative to participation in the programme for 

comparison with group one. Further, groups one and two 

combined, or each separately, could be compared with groups 

of practising teachers to investigate variation in attitude 

from high school - through college - to the primary teaching 

workforce. 

GROUP 3: Practising primary teachers attending external 

studies residential schools provided 148 usable responses, 

estimated as representing slightly in excess of 50% of 

primary teachers present at the introductory assemblies. 

The distribution of these respondents in terms of their 

enrolment at the college is estimated to be: 

PGI Remedial Education Primary 54o/., 

PGI Curriculum 15% 

PGI Intercultural Communication 8% 

PGI Primary Mathematics 2% 

PGI Primary Science 1% 

UG2 Diploma Conversion 19% 

providing information regarding possible sources of bias, 

additional to that already attributed to enrolment in 

post-college courses. Distribution of teaching location 

obtained from question four of the instrument was: 
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Not employed full-time as a teacher 26 

Teaching in a non-government school 19 

Teaching in the South Coast Region of N.S.W.- 17 

Teaching elsewhere in N.S.W. 75 

Teaching in the A.C.T. 5 

Teaching elsewhere 6, 

data necessary to define groups relative to the implementation 

of the 1980 Investigating: Science (K-6) Curriculum Guidelines 

(Dept. of Ed., 1980(aJ. 

Since the complete procer.sing and analysis of data was carried 

out with the aid of a further PASCAL computer program (PROGRAM 

STATANAL - also developed by the author and fully described in 

the next chapter), it was necessary to code all data from the 

responses into a form usable by that program. Integer codes 

were used exclusively, however their interpretation depended 

on the nature of the item - most items yielding ordinal level 

data. 

Each record begins with a three digit number to identify the 

case, the first digit representing the group: 

1 Group 1 new students, 

2 Group 2 final semester students, 

3 Group 3 - practising teachers; 

the other two, consecutive identification numbers. This 

number was omitted from the pilot data but was added by 

ITEMANAL during printout in 11survey data format" for group 

one. Questions one to four are coded 1-x in the order the 

options appear on the questionnaire (see Appendix B). As 

explained in chapter two, the rank given to "science" is 

used as the data for the "science teaching" questions - five 

46. 

I 



47. 

to eight. To preserve the single digit input here, the low 

interest ranks were collapsed, eight and nine were coded eight, 

ten and eleven were coded nine - a factor which must be 

remembered when interpreting data. Question nine is coded in 

two parts - first, one to six representing the respondents own 

education in science (actual or intended), and next, one and 

two indicating absence or presence of interest in a science 

curriculum elective course. This itemwas coded in the pilot 

data as a single composite score but ITEMANAL ma.de the necessary 

adjustment when providing the data for group one. As explained 

in chapter two, all "Scientific Attitude Inventory" questions 

were coded from five for "agree strongly" to one for "disagree 

strongly". 

To simplify analysis and interpretation of data, the twenty 

five items of raw input data were converted to forty nine 

items of "processed data". "Item numbers" given in analyses 

refer to items of processed data, all of which are identified 

in Table II. The coding of the three digit identification 

number and questions one to four remain unchanged as items 

one to seven. The scoring of the four "science teaching" 

items is reversed to make high interest coincide with a high 

score for compatibility with science attitudes and "supported"/ 

"not supported" graphs. The collapsing of this data when 

first coded, now puts the original mid-score of these items 

(6) to the value 4. The coding of item twelve, the teacher's 

own education in science remains unchanged, however item 

thirteen is transformed from one/two to four/six for 

compatibility with not supported/supported graphs. The twelve 

items of the Scientific Attitude Inventory become items fourteen 

to twenty five and: 



TABLE I I 

PROCESSED DATA ITEMS 

Item No. Description Item No. Description 

1 ID-Group 26 Area 1 
2 ID-Case 27 Area 2 
3 ID-Case 28 Area 3 
4 Sex Ql 29 Area 4 
5 Age Q2 39 Area 5 
6 Experience Q3 31 Area 6 
7 Location Q4 32 Areas 1 + 2 + 3 
8 Pupil Interest QS 33 Areas 4 + 5 + 6 
9 Importance to Education Q6 34 Areas 1 + 2 

10 Time Allocation Q7 35 Areas 4 + 5 
11 Teacher Competence Q8 36 Areas 3 + 6 
12 Teacher's Science Educ. Q9a 37 All areas 1 - 6 
13 Currie. Science Course Q9b 38 Areas 1 - 3 Positive 
14 Area 1 Positive Q20 39 Areas 1 - 3 Negative 
15 Area 1 Ne·gative Ql2 40 Areas 4 - 6 Positive 
16 Area 2 Positive Ql3 41 Areas 4 - 6 Negative 
17 Area 2 Negative QlO 42 Areas 1 - 2 Positive 
18 Area 3 Po~itive Ql5 43 Areas 1 - 2 Negative 
19 Area 3 Negative Qll 44 Areas 4 - 5 Positive 
20 Area 4 Positive Ql7 45 Areas 4 - 5 Negative 
21 Area 4 Negative Ql9 46 Areas 3 & 6 Positive 
22 Area 5 Positive Ql6 47 Areas 3 & 6 Negative 
23 Area 5 Negative Ql8 48 All Areas Positive 
24 Area 6 Positive Q21 49 All Areas Negative 
25 Area 6 Negative Ql4 I .i:-
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1. are rearranged into order - Area I Pos., 

Areal Neg., •••••••• Area 6 Neg; 

2. the scoring of the negative items is reversed 

for compatibility; 

3. the codes are transformed from 1-5 to 1-9 for 

compatibility with the later items by 

doubling and subtracting one. 

These procedures are all consistent with the policy of 

looking at areas rather than a total score on the test. 

Before continuing with discussion of the composite items, 

function FIX must be explained. Because of: 

(a) the validity problem involved in assuming 

additivity of ordinal scores, 

and (b) the desirability of keeping a constant range 

for items being compared by "ranking" statistics, 

a mathematical function (FIX) was devised and included in 

program STATANAL to return all composite scores to 1-9 with 

ranks equally spaced about the centre (5-no option) point 

on the scale. The operation of FIX is best explained by 

the equivalence: 
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THREE ITEMS 3, ~ 5 ~ 7, 8 9, 10, 11 12, 13, 14 15 l& 17, 18 19, 20, 21 22, 23, 24 25, 26, 2 7 

TWO ITEMS 2,3 4,5 6,7 8,9 10 11,12 13,14 15,16 17,18 

ON E ITEM 1 2 3 4 5 6 7 8 9 

It is assumed that every case of combination of items in the 

production of "processed data" includes FIX as part of the 

processing. 



Item twenty six, the Area 1 score is produced by combining 

the positive and negative components of the "continuum", 

i.e. by combining items fourteen and fifteen. Areas 2 - 6 

are similarly scored. Composite scores representing 

"intellectual attitudes" (1 - 3), "emotional attitudes" (4 - 6), 

"personal attitudes" (3 & 6), along with other potentially 

useful combinations, are created. Finally, for an item 

analysis to investigate the necessity of using pairs of 

positive and negative items to validly assess attitude, 

various composite positive and negative items are created. 

In the choice of statistics for analysis of the data, the case 

for non-parametric tests appropriate to ordinal level data 

has already been argued in chapter two when Mann-Whitney U 

was chosen for the item analysis. The only item not reaching 

this scale level is seven (location), which is only used 

here for controlling groups - a nominal level operation. 

The processing of the data takes care of combining items to 

create composites, so the tests need only deal with single 

items. Combining of sub-groups however is necessary since 

for example, nowhere is the group of all qualified teachers 

represented by a single value, and it even might be 

advantageous to remove sub-groups from this, such as 

"not employed full-time as a teacher" to form the group 

of practising teachers. Statistical tests then, are 

required to compare a single item between two or more 

groups, or a pair of items within the same group - groups in 

each case being defined in terms of an independent item. 

The tests chosen - on the advice of Siegel (1956) - to 

satisfy the above requirements were as follows: 
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1. Mann-Whitney U test.- for the comparison of an item 

between two independent groups. As observed in chapter 

two, this test is almost as efficient (approximately 

95%) as the t-test when used on data appropriate to 

that parametric test (Siegel, 1956:116-127). 

2. Kruskal-Wallis One-Way Analysis of Variance - for the 

comparison of an item between three or more independent 

groups. This test is compatible with the Mann-Whitney 

U test in its preparation of data, thus reducing 

programming, and is of equivalent efficiency in its 

ability to indicate significant differences between 

groups (Siegel, 1956: 184-193). 

3. Wilcoxon Matched-Pairs Signed-Ranks test - for the 

comparison of a pair of items within the one group. 

Since the scores of the pair of items can be compared 

case-by-case, a matched pairs test becomes possible. 

This test has also been shown to be highly efficient 

(approximately 95%) compared with its equivalent 

parametric statistic - the paired t-test (Siegel, 

1956:75-87). 

Finally, options were included in STATANAL to print out: 

1. Group matrices used in the above calculations for 

inspection, and the easy extraction of summary 

statistics - median and mode. 

2. Processed data in fixed format compatible with S.P.S.S. 

for the various analyses available from that package. 

The results of all analyses to be discussed in this study 

are summarized in Tables III - IX. Computer runs of the 
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calculations are all available from the author - space 

allowing samples only of each run option to be included 

in the appendices of this study for reference. The 

medians and modes of the principal group scores for 

attitude comparisons are provided in Table III, and Table 

IV lists those to be used for the comparison of positive 

and negative items. The results of Kruskal-Wallis one-way 

analysis of variance between all location groups (i~em 

seven), and the three principal study groups (item six -

1/ 2/3,4,5) are reported in Table V. Tables \H and VII 

report the results of Mann-Whitney U tests between all 

pairs of important groups, viz: groups of teachers - South 

Coast/Remainder of New South Wales; New South Wales/Not 

New South Wales Departmental; Non-government/New South Wales 

(Table VI), and survey groups - 1/2; 1/3; 2/3 Table VII). 

Wilcoxon matched-pairs signed-ranks tests are reported 

between pairs of science teaching attitudes, and pairs 

of scientific attitude items for each of the study groups 

in Table VIII; and between pairs of positive and negative 

items for all groups combined in Table IX. 
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ITEM 

8 
9 

10 
11 
12 
13 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

GROUP l 
n=66 -- - -

3 ( 2) 
4 ( 5) 
4 (4/5) 
3 ( 2) 
2 ( 2) 
4 (4) 

5 (4/5) 
6 (6) 
8 ( 9) 
5 ( 5) 
6 (7) 
5 (5) 
6 ( 6) 
6 ( 6) 
6 (6) 
6 ( 6) 
6 (7/8) 
6 (6/7.) 

.TABLE III 

MEDIAN-MODE OF GROUP SCORES 

for 

ATTITUDE ANALYSES 

GROUP 2 
n=90 

4 (5) 
3 (2) 
4 ( 4) 
2 (1) 
2 (2) 
4 ( 4) 

5 (5) 
7 (8) 
7 (9) 
5 ( 5) 
7 ( 7) 
5 ( 7) 
7 (6) 
6 ( 7) 
6 (6) 
6 ( 6) 
6 ( 7) 
6 ( 7) 

-· . -
GROUP 3 

n=l48 

5 ( 5) 
4 (4) 
4 ( 5) 
3 ( 2) 
2 ( 2) 
4 (4) 

5 ( 5) 
7 (6/8) 
7 (8/9) 
5 ( 5) 
6 (5/7) 
4 ( 5) 
6 (6/7) 
6 (6) 
6 (6) 
6 ( 6) 
6 (6) 
6 (6/7) 

Note: Statistics written - MEDIAN (MOD~ 

·- - . 
COMBINED 

n=304 

4 ( 5) 
4 (4) 
4 ( 4) 
3 (2) 
2 (2) 
4 (4) 

5 ( 5) 
7 (6/8) 
7 ( 9) 
5 ( 5 ) 
6 ( 7) 
5 ( 5) 
7 ( 6) 
6 (6) 
6 ( 6) 
6 (6) 
6 (7) 
6 ( 7) 

V, 
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ITEM 

18 

19 

24 

25 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

TABLE IV 

MEDIAN-MODE OF COMBINED SCORES 

for 

POSITIVE/NEGATIVE ITEM ANALYSIS 

MEDIAN (MODE) 

7 ( 9) 

9 ( 9) 

5 ( 7) 

5 ( 7) 

7 ( 7) 

6 ( 7) 

6 ( 7) 

5 (4) 

7 ( 7) 

5 (5) 

7 ( 7) 

5 (5) 

5 (5) 

6 ( 8) 

7 ( 7) 

6 (6) 

n = 304 
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ITEM 

8 

9 

10 

11 

12 

13 

Critical values 
of H 

TABLE V 

KRUSKAL-WALLIS 

ONE-WAY ANALYSIS OF VARIANCE 

CONTROL ITEM 

with 

GROUP VALUES 

6 6 
1/2/3,4,5 1/2/3/4/5/6/7 

(2df) 

***20.40 

* 6.66 

4.44 

5.67 

***10. 77 

p 
2df 
6df 

3.35 

1,0. OS 
5.99 

12.59 

**0.01 
9.21 

16.81 

(6df) 

**18.04 

4.18 

3.88 

3.53 

4. 76 

***0.005 
10.60 
18.55 
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T A B L E VI 

MANN-WHITNEY U BETWEEN PAIRS OF GROUPS 

OF CLASSROOM TEACHERS (GROUP 3) 

ITEM GROUP PAIR 

S/N N/E P/N 

8 1.103 1.348 0.659 

9 0.566 0.222 0.226 

10 0.963 0.246 0.058 

11 1.046 0.242 0.432 

26 0.241 1.418 o. 788 

27 *l. 904 0.035 1.520 

28 0.156 0.512 

29 1.230 0.154 

30 1.268 0.628 

31 0.880 1.071 

32 1.181 0.631 

33 0.340 1.184 

34 0.910 0.815 

35 0.271 0. 944 

36 0.3 72 0.450 

37 0.944 1.206 0.021 

n = 17/75 n = 75/30 n = 19/75 

Critical value of z : *l. 645 p 0.05 

(S Teaching in South Coast Region of New South Wales 

(N - Teaching elsewhere in New South Wales 

(E - Teaching other than for New South Wales Department 
of Educat ion 

(P - Teaching in a non-government school 
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TABLE VII 

MANN-WHITNEY U BETWEEN PAIRS OF SURVEY GROUPS 

ITEM 1/2 

8 **2.513(2+) 

9 *l.824(1+) 

10 *2.023(1+) 

11 *2.230(1+) 

12 ***2.967(2+) 

13 1.134 

26 0.3 71 

27 1.636 

28 1.490 

29 0.496 

30 *2.040(2+) 

31 0.166 

32 0.690 

33 1.116 

34 *l. 685 (2+) 

35 0.903 

36 0.636 

37 1.028 

n = 66/90 

Critical values p 
of z 

GROUP PAIR 

1/3 

***4.421(3+) 

0.096 

o. 707 

1.053 

1.467 

*l.623(1+) 

1.448 

0.694 

0.284 

0.272 

0.584 

n = 66/148 

•'<O. 05 
1.645 

**0.01 
2.32 7 

2/3 

*2.094(3+) 

**2.516(3+) 

1.584 

*l. 725(3+) 

**2.517(2+) 

0.587 

0.239 

0.900 

*2.083(2+) 

1. 567 

*l. 762(2+) 

n = 90/148 

***0.005 
2.575 

Note: Higher group of significantly different pair 
indicated with"+" 
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ITEM 

GROUP l 

n = 66 

GROUP 2 

n = 90 

GROUP 3 

n = 148 

TABLE VIII 

WILCOXON MATCHED-PAIRS SIGNED-RANKS TEST BETWEEN ITEMS FOR SURVEY GROUPS 

8 9 10 11 28 29 30 31 32 33 34 35 

X-----Xl.566 
X-----------X*2.508(10+) 

X-----------------------------------X***4.340(28+) 
X-----------------X***S.514 ( 28+) 

X-----------------Xl.323 
X-----Xl. 690 
X-----------X0.030 

X-----Xl. 194 

X-----------------------X**2.679(35+) 
X-----X***3,990(32+) 

X-----X0.694 
X-----X0.755 

X-----X***3.824(8+) X-----------------------:-----------X*2.504( 28+) 
X-----------X**Z.708(8+) X-----------------X***S.321(28+) 
X-----------------X***3.776(8+) X-----------------------X***4.314(35+) 

X-----Xl.458 X-----X***4.351(32+) 
X-----------X0.189 X-----X0.875 

X-----Xl.676 X-----X***4.005(30+) 

X-----------------------------------X***S.098(28+) X------X***4.693(8+) 
X-----------X***4.161(8+) 
X-----------------X***S.484(8+) 

X------X0.157 
X-------------.X1< 2. 4 7 5 ( 9 +) 

X-----X*2.561(10+) 

X------------------------x***S.4~(35+) 
X------X**>'•6. 388 (32+) 

X------X0.233 
X-----X***4,036(30+) 

Critical values p *0.05 

1.960 

*'l'•O. 0 1 

2. 5 76 

***0.001 

3.3 
of z for two tailed 
test z 

Note: Higher scoring item of significantly different pair i ndicated with "+ 11 

\J1 
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ITEM 18 19 

TABLE IX 

WILCOXON MATCHED-PAIRS SIGNED-RANKS TEST BETWEEN ITEMS 

FOR ALL GROUPS COMBINED 

24 25 26 27 28 29 30 ~ 38 39 40 41 42 43 44 45 46 47 48 49 

X----X 9.063(38+) 

X----X 8.687(40+) 

X---X 12. 759 (42+) 

X----X 10.964 (44+) 

X---X 7. 789(47+) 

X----X 6.808(19+) X---Xl0.612(48+) 

n = 304 

Critical values 
of z for two 
tailed test 

p 

z 

X-----X4.119(25+) 

X----X 10.850 (27+) 

0.05 

1.960 

X---~X 5.301 (30+) 

0.01 

2.5 76 
0.001 

3.3 

Note: Higher scoring item of significantly different pair indicated with"+" 
IJ1 
\D . 



CHAPTER 5 

PROGRAM STATANAL 

The successful use of PROGRAM ITEMANAL for the 

processing, analysis and sorting of data from the pilot 

study, programming experience gained in its development, 

and the absence from S.P.S.S. of the three nonparametric 

statistical tests chosen for data analysis, prompted the 

decision to develop a second special purpose statistical 

package for this study. Needs dictate that the new 

program be similar in style to ITEMANAL, but far more 

flexible in use, allowing comparisons between selected 

groups of respondents, and between pairs of items in the 

instrument. 

Preliminary comments on PASCAL programming were made in 

Chapter three, and the choice of statistical tests was 

discussed in Chapter four, so neither need be repeated 

here - this chapter being addressed specifically to the 

function of PROGRAM STATANAL, preceeded only by an 

outline of the tasks it is designed to perform, and an 

index of procedures to aid location of lines. 

The principal tasks of PROGRAM STATANAL are to: 

1. Read in twenty five item records of raw data, 

and process these as explained in Chapter four 

to yield forty nine item records as listed in 

Table II; 

2. Create a permanent file of processed data to avoid 

repeating the processing in subsequent runs; 
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3. Provide the facility to define groups of·,respondents 

based on values of a control item; 

4. Calculate Mann-Whitney U from the responses to an item 

from a pair of groups defined as in 113 11 above; 

5. Calculate Kruskal-Wallis H from the responses to an 

item from several groups defined as in 113 11 above; 

6. Calculate z for Wilcoxon matched-pairs signed-ranks 

test between two items for a group defined as in 11311 

above; 

7. Print out processed data in a format suitable for input 

to S .P. S.S. ; 

8. Printout processed data in any readily available form 

which may be useful for inspection or checking of the 

program. 

The program - included as. Appendix E - will be traced in 

terms of normal runs. Appendix F illustrates data 

processing with ten records of sample data, and Appendix G 

demonstrates all three statistical tests using actual survey 

data. Line numbers of procedure declarations and other 

significant points in the program are listed in order below: 

PROCEDURE PROCDATA 17 PROCEDURE STATPRINT 189 

FUNCTION FIX 21 PROCEDURE MANNWHIT 220 

BEGIN (* PROCDATA * ) 27 PROCEDURE KRUSWAL 261 

PROCEDURE DATAPRINT 95 PROCEDURE WILCOX 312 

PROCEDURE SCORES 116 PROCEDURE WILSCORE 319 

PROCEDURE MATRIX 126 BEGIN (*WILCOX*) 332 

PROCEDURE STATDATA 137 BEGIN (*RUN*) 460 

PROCEDURE LISTSTATDATA 170 END. 528 
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Execution of the program begins the run at line 460 with 

printout of introductory comments, list of options avail

able, and instructions for selecting options. As with 

ITEMANAL, the reading of options is terminated by zero to 

allow for choice in the number of options used. The 

restriction on the use of options 1 and 2 together is the 

result of their common processing for much of the run, and 

consequent interference if both options are actively 

exerting control. Again, options are registered as boolean 

values to simplify IF ••• ~.THEN comparisons throughout the 

program. 

Option 4 is first checked to determine if the external data 

file CURRICFILE is to be written with new processed data. 

If yes, control is transferred to PROCEDURE PROCDATA (line 17) 

to read and process raw data, and write CURRICFILE with 

this processed data. PROCDATA begins with the declaration 

of FUNCTION FIX, the mathematical function described in 

chapter four for producing valid 1 - 9 ranges for composite 

items. Declaration here, within the procedure, makes the 

11 scope11 of FIX "local" to the PROCEDURE PROCDATA (Jensen & 

Wirth, 1976:6). 

PROCDATA begins by reading and storing the list of science 

attitude inventory items in area order, to be used later for 

sorting items into areas during processing of the raw data. 

Next, negative sense items are labelled with the boolean 

value 11 true 11 , CURRICFILE is prepared for writing (REWRITE), 

and the prompt to add the file of raw data printed out. If 

option 5 is called, headings for printback of raw data and 

the first line of data are printed in the format demonstrated 

in Appendix F. 

62. 



Subject to the absence of the marker record (with zero as 

its first item), processing of data begins. The scores 

of negative sense non-zero inventory items are reversed, as 

are the subject ranking items (8-11) for compatability with 

other attitude items. The curriculum elective interest item 

(13) is moved to non-support/support values, followed by 

the beginning of the assignment of values to the forty nine 

item array. Next, the inventory items are expanded to a 

1 - 9 range and reordered into areas as the next twelve 

items of this array, followed by the combination of 

inventory items into areas scores. Finally, the various 

composite items listed in Table II are generated - in every 

case treated wi~h FIX. 

At line 84 the processed record is counted, and then 

written onto CURRICFILE. After reading, and possibly 

(option 5) printing back the next record, the processing 

loop begins again - continuing until the marker record is 

found. When all raw data has been read and processed, a 

connnent is printed out to indicate this fact. 

On return to the body of the program at line 492, the two 

processed data printout options (6 and 7) are checked. 

Each calls PROCEDURE DATAPRINT (line 95) with a spacing 

parameter (H) appropriate to the format requested. First 

a general heading is printed, followed by column headings 

if the spaced format is chosen. CURRICFILE is read line 

by line, with the lines being immediately printed out in 

the appropriate format and counted. Appendix F illustrates 

with ten records of data,these two printout options 

complete with their final .summary statements. 
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Line 494 checks for the call of PROCEDURE WILCOX (line 312) 

which calculates Wilcoxon matched-pairs signed-ranks 

statistics as described by Siegel (1956: 75-83). WILCOX 

begins with the declaration of the local procedure -

WILSCORE (line 319). WILSCORE first finds the difference 

between a pair of scores, prints this out if required and 

counts the calculation. If the difference is non-zero, 

another count is increased by one and the difference is 

written onto a textfile (LIST). The non-zero difference is 

printed out if required, and finally one is added to the 

appropriate cell of a frequency distribution of absolute 

values. 

PROCEDURE WILCOX itself begins. at line 332 with a heading 

and assignment of 11Y" to the repeat control item. 

Since this test can be carried out using the whole group, 

or one restricted by a control item, provision is made for 

either of these possibilities with the control item entry -

zero meaning that the whole group is included. If a control 

item is to be used, its controlling values are next entered 

- followed by zero to stop reading of the indefinite number 

of entries. 

Irrespective of the presence of a control item, up to 

twenty pairs of items (again followed by zeros) are then 
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input for analysis, and the Wilcoxon matched-pairs signed-ranks 

test begins, item by item, to be calculated. Details of the 

item and its control values (if present) are first stated, 

followed by preparation of CURRICFILE for reading and LIST 

f o r writing. 



At line 400, CURRICFILE is repeatedly read until the end 

of file marker is reached. For each line (if control allows 

it), WILSCORE is called with the appropriate parameter to 

treat a given pair of items as described above. At line 416 

the frequency distribution produced by WILSCORE is used to 

create a progressive frequency distribution and subsequently 

ranks as described in chapter three. 

LIST is read back at line 433, and sums of positive and 

negative ranks are calculated in a manner similar to that 

used in ITEMANAL, differing only in the separation into a 

positive group and a negative group. The sums of ranks 

are both printed out, being the best indicator of which of 

a significantly different pair is the larger. The Wilcoxon 

calculation (Siegel, 1956:79) is performed in several stages, 

followed by its printing out along with a list of critical 

values. Calculation of this statistic will continue while 

ever REP= "y" and there are pairs of items for analysis 

registered in the list. 

Back in the body of the program at line 495, the presence 

of options calling Mann-Whitney U test, Kruskal-Wallis one

way analysis of variance, or simply a printout of a matrix 

of frequencies activates PROCEDURE MATRIX (line 126). 

MATRIX, and the procedure it calls, SCORES (line 116) 

create a three dimensional matrix of frequencies. For each 

value of the control item, there is a two dimensional matrix 

of frequency of each value, for each item. For inspection 

of group frequency distributions and calculations of the 

statistics for composite groups, various two dimensional rows 

(values of the control item) can be later combined. 
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PROCEDURE STATDATA (line 137) controls the grouping of 

frequencies by combining components of the matrix 

labelled by the "values of item IQ" input. The combining 

process is repeated for the number of groups indicated as 

being used. This three dimensional matrix, printed out 

by PROCEDURE LISTSTATDATA (line 170) was used exclusively 

for the production of group frequency distributions in 

the determination of medians and modes of items for groups 

in Tables III and IV. 
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The computation of Mann-Whitney U test (Siegel, 1956: 116..-127) 

by PROCEDURE MANNWHIT (line 220), and its subsequent printout 

by this procedure and STATPRINT (line 189), is essentially 

the same as that described for the same test in ITEMANAL. 

The only difference of any consequence between the two 

programs is the provision of a checking step to identify the 

larger sum of ranks - unnecessary previously where the groups 

were predefined upper and lower. 

The Kruskal-Wallis one-way analysis of variance (Siegel, 

1956: 184-193) is calculated by PROCEDURE KRUSWAL (line 261) 

in a manner very similar to that used for Mann-Whitney U. 

Treatment of multiple rather than paired groups, a slight 

difference in the formula, and the provision of a case 

statement for selective printing out of critical value 

lines (depending on the number of groups) are the only 

real differences between the two. 

Because of the similarities noted, no further detailed 

description of either test will be pursued, however 

reference is directed to Appendix G, where the ease with 



which large numbers of calculations can be run is 

demonstrated by sample runs of all three statistics. 
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CHAPTER 6 

OUTCOMES 

Before discussing the results of the analyses as such, the vast 

array of output available for reference, demands some comment. 

All of the analyses were produced by computer packages written 

by the author specifically for analysis of this data. Computer 

assistance makes available three levels of advantage in a study 

of this kind - some available even to the user of an advanced 

calculator, some requiring the use of commercial packages like 

S.P.S.S., and some available only to the researcher prepared to 

write his own programs. 

The accuracy and speed with which tedious and complex calculations 

can be made and presented for consideration, advantages the 

computer user immediately. Even if time is spent initially 

writing the program and eliminating systematic errors caused by 

"bugs" inadvertantly included, the final guarantee that all outpuLt 

is free of random errors without multiple checking of each and 

every calculation, fullycompensates this time spent. 

The data storing facility of most computer packages is of 

immense advantage. The tedium of entering and checking data 

occurring just once, and simply calling it for subsequent runs, 

allows follow-up of all promising avenues with minimum time and 

effort. Different grouping of the same data is often useful, as 
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is the ability to calculate different statistics from it - e.g. 

matched pairs of items, and independent pairs of groups require 

different statistics from the same data. In this study, the 

decision to replace the Chi-square calculation in ITEMANAL with 

Mann-Whitney U was quite painless. Inspection of the sixty 

Chi-square results indicated a problem which was solved simply 

by including a further procedure to calculate Mann-Whitney U 

from the same processed data - allowing in minimum time, comparison 

of the two analyses. 

The ability to tailor the statistical analyses to the requirements 

of a research project, rather than the project to those analyses 

which are readily accessible, is the principal advantage gained 

from producing a special purpose computer package. None of the 

three non-parametric tests of significance used in this study is 

available from S.P.S.S., the principal behavioural sciences 

package available on UNIVAC Wollongong, but the processed data can 

be printed out in appropriate format for input to S.P.S.S. so that 

those options which may be appropriate can be used. Further, 

especially useful printouts can be included, e.g. the group 

matrices used for Mann-Whitney U and Kruskal-Wallis H provide 

convenient frequency distributions, and the sums of positive 

and negative differences in a Wilcoxon matched-pairs signed-ranks 

calculation indicate which of a significantly different pair of 

items is the greater, this not always being obvious from group 

data. 

The decision to accept the necessity of using pairs of positively 

and negatively worded items to measure complete attitudes is 



firmly supported by the results of this study and presented in 

Tables IV and IX. Every pair of composite items yielded a highly 

significant difference between positive and negative components, 

in most cases with the positive component giving the higher value 

(Table IX). The proposition that this is simply the result of 

"acquiescence response set11 (Scott, 1968:239) is rejeeted, since 

those areas with higher scoring negative components are grouped -

the areas classified by the author as having a significant 

"personal" aspect. Further, the positive components of the 

"intellectual attitudes have a consistent median of seven, whilst 

the median of the negative components of "emotional" attitudes is 

consistent at five (Table IV) - indicating something far more 

psychologically complex than simple acquiescence. It appears that 

in some kinds of attitudes, variations in the positive aspects are 

more common, whilst others vary more in their negative components. 

This observation, when coupled with that of Moore & Sutman (1970:91) 

cited in chapter two, supports a model of the Shaw & Wright 

"attitude continuum" with positive and negative parts (1967:18), 

which is sensitive at both extremes to external forces, 

necessitating the use of pairs of positive and negative items 

for valid measurement. This model also supports the rejection in 

chapter two of the Earl & Winkeljohn proposition of positive and 

negative attitudes in their 1977 study. 

The definition of an attitude as including positive and negative 

components, implies valid addition of these two components (with 

the inclusion of FIX), yielding a score for that attitude position. 

The doubt expressed in chapter two regarding the validity of general 

attitude scores produced by the summing of item scores, has not 

however been diminished by the records of the large number of 
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respondents in this study. Significant difference includes the 

possibility that one item may have more effect on the total score 

than another - an item with a clumped distribution will be both 

significantly different to, and have a smaller effect on the total 

score than, another item with an essentially random distribution. 

Further, ranking scales for say intellectual attitudes, may have 

quite different ranges to say, emotional attitudes. Finally, 

what does a general measure of attitude to science mean? Does 

it imply that the score includes all possible components of a 

total "attitude to science"? 
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Significant differences reported in Table VIII between composite 

intellectual and emotional attitudes (items 32 and 33), throws 

doubt on their additivity. This significant difference is mainly 

the result of the highly significantly different personal attitudes 

(areas three and six - items 28 and 31), which when removed, leave 

items 34 and 35 with no significant difference. This apparent 

internal consistency may have been ·part of the reason for Moore 

using only these four position areas for his 1973 instrument 

(Moore, 1973:274; Earl & Winkeljohn, 1977:42), however this 

argument is rather weak, since not only does it remove two of the 

six positions included in the original implied definition of 

"scientific attitude" (Moore & Sutman, 1970), but each of the 

two pairs of positions left are composed of significantly different 

components (Table IX - items 26/27, 29/30). 

Results of the investigation into the initial impact of the new 

K-6 Science Curriculum Guidelines document (Dept. of Ed., 1980(a)) 

on New South Wales teachers, particularly the target population 



of the extensive in-schools orientation programme provided by 

the South Coast Region, are reported in Tables III and VI. 

General teacher attitudes to science indicated by composite 

scores are consistently slightly positive (median of six on 

the nine point scale), however the treatment of individual 

"positions" indicates two of the six have a median of five (no 

opinion) and one (position six - science, and interesting career) 

a median of four (Table III). Attitudes to science teaching 

(with a mid score of four), indicate a positive perception of 

pupil interest, neutral perceptions of importance to education 

and time allocated, and a negative perception of own competence 

to teach in the area (Table III). The Mann-Whitney U test 

detected no significant difference between South Coast Region 

teachers and teachers from the balance of New South Wales, or 

New South Wales teachers and all other practising teachers, in 

either science teaching attitudes or scientific attitudes (with 

the exception of one of the twenty seven scientific attitude 

calculations - well within the realm of chance at the 0.05 level 

of significance). 

Kruskal-Wallis one-way analysis of variance predicted this lack 

of difference between groups of teachers when only one 

significant difference was found between groups controlled by 

item seven (location) (Table V). Further, this lack of 

difference justifies the combination of all teachers into one 

group for comparison with beginning and graduating teacher 

trainees - an area of possible interest, indicated by the 

outcomes of Kruskal-Wallis one-way analysis of variance between 

survey groups (controlled by item six) (Table V). 
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Teacher trainees (survey groups one and two), like practising 

teachers, exhibited slightly positive scientific attitudes on 

composite scores, but with medians falling only to five (no 
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opinion) in some individual position areas (Table III). Mann-Whitney 

U test detected four significant differences between groups from 

twenty two calculations, including one between the total composite 

score for graduating students and for practising teachers 

(Table VII). Each of these differences indicated the graduating 

student group, characterised by significantly higher science 

academic attainments (item 12), as having the higher score. 

Quite a variation was detected in science teaching attitudes between 

the survey groups by Mann-Whitney U test (Table VII). Every difference 

between groups one and two was significant - but not always with 

the same group scoring higher. Importance to education, time 

allocation, and competence to teach science may have deteriorated 

through college, however this is unlikely in the. light of the 

scientific studies and attitudes discussed above - it being more 

likely that at this stage of the teacher education programme, with 

science courses in general some two years behind, a ranking 

measure raised more recently studied subject areas to points above 

science,without necessarily imdicating that science is any less 

important (Alford & Kerrison, 1974:12; Appleton, 1977:38). There 

was no significant difference between beginning students and 

practising teachers in any of these three areas, indicating absence 

of any long term effect of replacing science in its place of about 

middle importance. Perception of pupil interest in the field 

begins low with new students - perhaps mirroring their own level 

of interest - and rises significantly to graduating students and 



significantly again to practising teachers (Tables III and VI), 

correlating perhaps with increased experience of primary school 

pupils. 
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The high pupil interest in science perceived by graduating students 

and practising teachers had little effect on their importance to 

education or time allocation ranking, rach one of the four being 

shown by Wilcoxon matched-pairs signed-ranks test to have a score 

significantly lower than that for pupil interest (Table VIII). 

Importance to education matched perceived competence to teach 

science for all pre-service students, but not for practising 

teachers who were less confident (Table III). This lack of 

confidence did not however stimulate any significant interest in 

pursuing curriculum courses in the area (Table VII). 

In summary then, it would appear that: 

1. As yet, the 1980 Science Curriculum Guidelines Document 

(Dept. of Ed., 1980(a)) has no\t had ,a. signiftca.int impact on 

New South Wales teachers - even those subjected to 

extensive in-school orientation programmes; and 

2. That pre-service teacher education programmes can change 

attitudes, however these attitudes soon revert to 

attitudes present before the programme, which closely 

parallel those of practising teacher colleagues; 

two findings predicted by the literature and discussed in Chapter one. 

It is now appropriate to return to the checklist presented in 

Chapter one and the literature in general, for guidance in the 

formulation of recommendations to aid the implementation of inquiry 

science programmes into New South Wales primary schools. 



In the Unesco publication Understanding Change in Education, the 

author illustrates the adoption of innovations as follows: 

11 ••••• we can plot the adoption process as an S-curve. 
There is an early stage, when the two or three percent 
of innovators decide to introduce the hew idea; a second 
stage, in which the early adopters (about five percent) 
follow, having observed that there are no unfortunate 
results; a middle stage, in which the majority adopts 
quickly, influenced primarily by the innovators; and a 
late stage,when the small residue of resistors or 
laggards at least gives in. Finally, lying above the 
curve, is a small group that never gives in." 

(Huberman, 1973:34) 

He t hen proceeds t o ci t e exampl es wh ich ind icat e tha t the t ime 

scale associated with this curve, ranges from ten to fifty years. 

The sample used for this study, with its high proportion of 
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teachers heavily committed in other areas (particularly remedial 

education) clearly missed the still small proportion of "innovators" 

or "early adopters" conscientiously working in their schools. The 

time scale component must be treated seriously by administrators, 

whose expectations from the vast amounts of money already spent, 

are quite unreal in terms of the experience quoted above. It is 

not possible to successfully implement new teaching styles throughout 

a school system in two or three years, overlapping as well, 

significant changes in other subject areas. 

Peter Martin's recent paper investigating the effects of various 

Kuhnian "scientific revolutions" on high school science (1981), 

prompts recognition of the resemblance between "puzzle solving" 

scientists working within their scientific "paradigms" (Kuhn, 

1970:36), and teachers working within their time honoured 

"primary science paradigm". The change here, is truly 

revolutionary, and must be treated by those committed to, and/or 

responsible for, its success. The observation by John Dooley, 

that the provision of inves t i gative materials did not necessarily 

change teaching strategies (1977:29), that science specialists 
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and classroom teachers were using the same words but with different 

meanings, is characteristic of an early stage of imminent revolution 

as described by Kuhn (197):149). The next stage of the revolution 

is the development of crisis, where the inadequacies of the old 

paradigm are shown to be satisfied by the new (Kuhn, 1970:145), a 

stage demanding consistent support of converts by the committed, 

"until after the last holdouts have died (Kuhn, 1970:152). 

Pre-service teacher education programmes have been shown by this 

study to be able to change attitudes, however school administrators 

must provide an atmosphere where this new enthusiasm is encouraged 

by colleagues and the system, rather than allowing •~eturn to a 

state of equilibrium resembling •••• (the) previous state" 

(Huberman, 1973:25). Tertiary administrators also must respond 

to new theory emerging in their own institutions, by providing 

pre-service and post-graduate courses which reflect the needs of 

teachers in the revolutions presently occurring in education. 

Tertiary institutions participating as EQUAL PARTNERS with education 

authorities in in-service programmes, now far more realistic with 

the autonomy of the institutions and the regionalization of 

education administration, would also narrow the gap between theory 

and practice. 

Support by the system, rather than being reduced after an initial 

two or three year orientation, needs to be increased to provide 

in-school support by properly trained resource teachers. The 

New South Wales Department of Education concept of a resource 

teacher outlined in its policy document (Dept. of Ed., 1976), 

catering solely for remedial education support, needs to be 

extended to provide further resource teachers, perhaps one 
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trained specifically for the "Investigating" area as defined in 

the Supplement to the Aims of Primary Education (Dept. of Ed., 

1977(b):8). Resource teachers as proposed here would still require 

the Regional support provided at present by consultants, who would 

still be quite unable to make much personal contact with schools, 

but would be dealing with committed professionals, rather than 

overworked classroom teachers with an "extra duty". 

Finally, the statement "that (teaching) executives have a 

responsibility, as key change-agents in schools, to commence and 

lead in the process of implementation" since "the key people in 

bringing about change are those responsible for staff development 

- school executives" (Dept. of Ed., 1981:2-3) demands serious 

consideration by all concerned. First, the system must create 

the situation where these proven leaders have the time to 

participate in educational innovation. Second,these leaders must 

be supported by resources and properly trained specialists. 

Third, the system must accept the fact that change is an 

expensive business, both in monetary terms and in the emotional 

commitment of teachers, and provide appropriate support and 

incentive to see the innovation through, with enthusiasm at least 

equal to that heralding its inception. 
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APPENDIX A 

THE PILOT INSTRUMENT 

GOULBURN COLLEGE OF ADVANCED EDUCATION 

CURRICULUM AREA ATTITUDE SURVEY 

To assist an investigation into the attitudes of beginning and practising 
teachers toward particular curriculum areas, you are requested to corr:plete 
the following survey. 

PART A: Personal Details. Please mark "x" in the appropriate boxes. 

1. Sex LJ Male 

□ Female 

2. Age 

□ less than 25 

□ 
25-30 

□ 31-40 

□ 41-50 

□ 51 or more 

3. Teaching experience 

LJ 

□ 
□ 

beginning student LJ 
teaching 1-4 years □ 

teaching more than 10 years 

4. Present teaching location 

D preservice student 

later year student 

teaching 5-10 years 

D not employed full-time as a teacher 

L I teaching in a non-government school 

D teach ing in the South Coast Region of N. S . W. 

□ teaching elsewhere in N. S. W. 

I I teaching in the A. C. T. 

I .1 teaching elsewhere 
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PART B: Curriculum Area Ranking, 

5. In the square.s beside each of the K-6 School Curriculum Areas listed below, 
use the numbers 1 - 11 to rank the areas in the order of your perception 
of pupil interest in the area. 

Write "l" beside the area of most interest through to 1111 11 beside the 
area of least interest. 

LJ Craft r~ Music 
L 

□ 
English Expression LJ Art 

LJ Mathematics [] English Comprehension 

[J Physical Education □ 
Health 

LJ Social Science □ 
Writing 

□ 
Science 

6. In the squares beside each of the K-6 School Curriculum Areas listed 
below, use the numbers 1-11 to rank the areas in the order of .Y.£._~~ 

perception of importance to your pupils' education. 

Write "l" beside the area of most importance through to "11" beside the 
area of least importance. 

LJ Craft LJ Music 

□ 
English Expression D Art 

LJ Mathematics □ 
English Comprehension 

□ 
Physical Education □ 

Health 

□ 
Social Science □ 

Writing 

□ 
Science 

I 
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7. In the squares beside each of the K-6 School Curriculum Areas listed below, 
use the numbers 1 - 11 to rank the areas in the order of class time you 
would allocate to the area over a normal week. 

\.Jrite "l" beside the area of most time through to 11 1111 beside the area 
of least time. 

□ 
Craft □ Music 

□ 
English Expression □ 

Art 

□ 
Mathematics LJ English Comprehension 

□ 
Physical Education LJ Health 

LJ Social Science □ 
Writing 

□ Science 

8. In the squares beside each of the K-6 School Curriculum Areas listed below, 
use the numbers 1 - 11 to rank the areas in the order of your percepti on 
of your competence to teach in the area. 

Write "l" beside the area of most competence through to 1111 11 beside the 
area of least competence. 

LJ Craft ~J Music 

LI English Expression LJ Art 

l_J Mathematics □ English Comprehension 

L] Physical Education [] Health 

LJ Social Science □ Writing 

LJ Science 
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PART C: Education in Science 

9. Please mark "X" in the appropriate boxes. 

I have completed School Certificate (or equivalent) level Science 
Course (s). 

I have completed Higher School Certificate (or equivalent ) level 
Science Course(s). 

-I have completed Tertiary Level Science course(s) at an institution 
other than Goulburn College of Advanced Education. 

I have completed or intend to complete Level I academic studies 
Science Course(s) at this College. 

I intend to complete Level II academic studies Science Course(s) at 
this Cbllege. 

LJ 
□ 
□ 
□ 
□ 
L1 I intend to complete Level III academic studies Science Course(s) at 

this College. 

□ 
I intend to complete a Natural Science Curriculum Elective Course 
at this College, 

PART D: Scientific Attitude Inventory 

10. 

11. 

12. 

1bere are some statements about science on the next few page.s. 
Some statements are about the nature of science, some are about 
how scientists work. Some of these statements describe how you 
might feel about science . You may agree with some of the 
statements and you may disagree with others. That i s exactly 
what you will be asked to do. 

After you have carefully read a statement, decide whether or not 
you agree with it. If you agree, decide whether you agree mildly 
or strongly. If you disagree, decide whether you disagree mildly 
or strongly . 

Then mark "X" through the appropriate symbol beside the question. 

A+ if you agree strongly 
A if you agree mildly 
0 if you have no opinion 
D if you disagree mildly 
D+ if you disagree strongly 

I would enjoy studying science and using this 
knowledge in some scientific field. A+ A 0 D 

Anything we need to know can be found out 
through science. A+ A 0 D 

Scientific explanat i.ons can be made only by 
scientists. A+ A 0 D 

D+ 

j}t 

o+ 
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13. Once they have developed a good theory, 
scientists must stick together to prevent 
others from saying it is wrong. A+ A 0 D D+ 

14. It is useless to listen to a nei.J idea 
unless everybody agrees with the idea. A+ A 0 D D+ 

15. Science may be described as being 
primarily an idea-generating activity. A+ A 0 D D+ 

16. Scientists are always interested in 
improving their explanations of 
natural events, A+ A 0 D D·i· 

17 . If one scientist says a theory•is true, 
all other scientists will believe him. A+ A 0 D D+ 

18. Science is so difficult that only highly 
trained scientists can understand it, A+ A 0 D ,D+ 

19. A useful scientific theory may not be 
entirely correct, but it is the be.st 
idea scientists have been able to 
think up. A+ A 0 D D+ 

20. We can always get answers to our questions 
by asking a scientist. A+ A 0 D D+ 

21. There are some things which are known 
by science to be absol utely true. A+ A 0 D D+ 

22. Most people are not able to understand 
the work of science. A+ A 0 D D+ 

23. Today's electric appliances are examples 
of the really valuable products of 
science. A+ A 0 D D+ 

24. Scientists cannot always find the answers 
to their questions. A+ A 0 D D+ 

25. When something is explained well, the re 
is no reason to look f or another 
explanation. A+ A 0 D D+ 

26. Most people are able to understand the 
work of science. A+ A 0 D D+ 

?~ 
- I• A scientific theory is no better than 

the obj e ctive observations upon which 
it is based. A+ A 0 D D+ 

28. S·c ientists believe that they can find 
explanations for what they observe by 
looking at natural phenomena. A+ .A 0 D D+ 
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29. The day after day search for scientific 
knowledge would become boring for me. A+ A 0 D D+ 

30. Scientific work would be too hard for me. A+ A 0 D D+ 

31. Scientists discover laws which tell us 
exactly what is going on in nature. A+ A 0 D D+ 

32. Scientific ideas may be said to undergo 
a process of evolution in thei.r 
development. A+ A 0 D D+ 

33. The value of science lies in its 
usefulness in solving practical 
problems. A+ A 0 D D+ 

34. i;..'hen one asks questions in science, he 
gets information by observing natural 
phenomena. A+ A 0 D ' D+ 

3.5. A good scientist doesn't have any ideas 
he is not willing to change, A+ A 0 D D+ 

36. Looking at natural phenomena is a most 
important source of scientific 
information. A+ A 0 D D+ 

37. Public understanding of science is 
necessary because scientific research 
requires financial support through the 
government. A+ A 0 D D+ 

38. Some questions cannot be answered by 
science. A+ A 0 D D+ 

39 . Rapid progress in science requires 
public support. A+ A 0 D D+ 

40. Scienti.fic laws have been proven 
beyond all possible doubt. A+ A 0 D D+ 

41. A scientist must be imaginative in 
developing ideas which explain natural 
events. A+ A 0 D D+ 

42. The value of science lies in its 
theoretical products. A+ A 0 D D+ 

43. Ideas are one of the most important 
products of science. A+ A 0 D D+ 

44. I do not want to be a scientist because 
it takes too much education. A+ A 0 D D+ 

45. There is no need for the public to 
understand science in order f or 
scientific progress to oc.cur . A+ A 0 D D+ 

• 
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46. When a scientist is shown enough 
evidence that one of his ideas is 
a poor one, he should change hj_s 
idea. 

47. All one has to do to learn to work in 
a scientific manner is to study the 
writings of great scientists. 

48. Before one can do anything in science, 
he must study the writings of the 
great scientists. 

49. People need to understand the nature 
of science because it has such a great 
affect upon their lives. 

SO. A major purpose of science is to produce 
new drugs and save li.ves. 

51. One of the most important jobs of a 
scientist is to report exactly what 
his senses tell him. 

52. If a scientist cannot answer a question, 
all he has to do is to ask another 
scientist. 

53. An important purpose of science is to 
help man to l ive longer. 

54. I would enjoy working with other 
scientists in an effort to solve 
scientific problems . 

55. Scientific laws cannot be changed. 

56. Science is devoted to describing how 
things happen. 

57. Eve ry citizen should understand science 
because we are liv i ng i n .an age of 
science. 

58. I may not make many great discoveries, 
but working in science would still be 
interesting to me. 

59. A major purpose of science is to he lp 
man live more comfortably. 

60. Scientists should not critic i ze each 
other's work. 

61. His sens es a r e one of the mos t i mportant 
tools a scientist has . 

62. Scientists believe that nothing i s known 
to be true with absolute ce r t a inty . 

6 3 . Scientist s do not need public s upport, 
they can get along quite well without it. 

A+ 

A+ 

A+ 

A+ 

A+ 

A+ 

A+ 

A+ 

A+ 

A+ 

A+ 

A+ 

A+ 

A+ 

A+ 

A+ 

A+ 

A+ 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 
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D+ 

D+ 

'D+ 

D+ 

D+ 

D+ 

D+ 

D+ 

.D+ 

l}+ 

D+ 

D+ 

D+ 

D+ 

D+ 

Dt 

D+ 

D+ 
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64. I would like to work in a scientific 
field. A+ A 0 D D+ 

65. A new theory may be accepted when it 
can be shown to explain things as 
well as another theory . A+ A 0 D D+ 

66. Scientists do not have enough time for 
their families or for fun, A+ A 0 D D+ 

67. The products of scientific work are 
mainly useful to scientists. they are 
not useful to the average person. A+ A 0 D D-+-

68. Scientists have to study too much and 
I would not want to be one for this 
reason. A+ A 0 D D+ 

69. Working in a laboratory would be an 
interesting way to earn a living. A+ A 0 D D+ 

Thank you for your assistance. 



APPENDIX B 

THE SURVEY INSTRUMENT 

GOULBURN COLLEGE OF ADVANCED EDUCATION 

CURRICULUM AREA ATTITUDE SURVEY 

To assist an investigation into the attitudes of beginning and practising 
teachers toward particular curriculum areas, you are requested to complete 
the following survey. 

PART A: Personal Details. Please mark "x" in the appropriate boxes. 

1. Sex LJ Male LJ Female 

2. Age □ 
less than 25 D 25-30 

□ 
31-.f+O D 41-50 

□ 
51 or more 

3. Teaching experience 

LJ 
[J 

□ 

beginning student LJ 
teaching 1-4 years D 
teaching more than 10 years 

4. Present teaching location 

D preservice student 

later year student 

teaching 5-10 years 

D not employed full-time as a teacher 

D teaching in a non-government school 

I ] teaching in the South Coast Region of N, S. W. 

□ teaching elsewhere in N.S.W. 

D teaching in the A.C.T, 

I ! teaching elsewhere 
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PART B: Curriculum Area Ranking . 

5 . In the squares beside each of the K-6 School Curriculum Areas listed helo~, 
use the nuniliers l - 11 to rank the areas in the order of your perception 
of pupil interest in the area. 

Write "l" beside the area of most interest through to "11" beside the 
area of least interest. 

LJ Craft □ Music 

o · English Expression LJ Art 

LJ Mathematics [] English Comprehension 

□ 
Physical Education LJ Health 

□ 
Social Science D Writing 

LJ Science 

6. In the squares beside each of the K-6 School Curriculum Areas listed 
below, use the numbers 1-11 to rank the areas in the order of 1£1:!!. 
perception of importanee to yo_ur pupU.s 1 education. 

Write 11111 beside the a rea of ~~ importance through to "ll II beside. the 
are& of least importance . 

LJ Craft lJ Music 

□ 
English Expression [] Art 

LJ Mathematics □ 
English Comprehension 

□ 
Physical Education LJ Health 

□ 
Social Science □ 

Writing 

□ 
Science 
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7. In the squares beside each of the K-6 School Curriculum Areas listed below, 
use the numbers 1 - 11 to rank the areas in the order of class time you 
would allocate to the area over a normal week. 

\.Jritc "l" beside the area of most time through to "11" he.side the area 
of least time. 

□ 
Craft □ Music 

□ 
English Expression LJ Art 

LJ Mathematics 

□ 
English Comprehension 

LJ Physical Education LJ Health 

LJ Social Science □ Writing 

□ 
Science 

8. In the squares beside each of the K-6 School Curriculum Areas listed below, 
use the numbers 1 - 11 to rank the areas in the order of your perception 
of your competence to teach in the area. 

Write "l" beside the area of most competence through to "11" beside the 
area of least competence. 

□ 
Craft □ 

Music 

□ English Expression --1 
~ Art 

LJ Mathematics r-LJ English Comprehension 

17 Physical Education LJ Health 
L-.: 

LJ Social Science □ Writing 

,-t Scienc~ 
j____J 
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PART C: Education in Science 

<J. Please mark "X" in the arpropriatP boxes. 

l_J 

' L_j 

□ 
□ 
□ 
LJ 
□ 

I have completed School Certificate (or equivalent) level Science 
Course(s). 

-I have completed Higher School Certifica te (or equivalent) level -
Science Course(s). 

I have completed Tertiary Level Science course(s) at an institution 
other than Goulburn College of Advanced Education. 

I have completed or intend to complete Level I academic studies, 
Science Course(s) at this College. 

I in t end to complete Lev el II a cademic studies Science Course(s) at 
this Cbl l ege. 

I intend to complete Level III academic studies Science Course(s ) at 
this College. 

I intend to complete a Natural Science Curriculum Elective Course 
at this College . 
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PART D: Scientific Attitude Inve.ntory 

There are some statements about science, 
Some statements are about the nature of science, some are about 
how scientists work. Some of these statements describe how you 
might feel about science. You may agree with some of the 
statements and you may disagree with others. That is exactly 
what you will be asked to do. 

After you have carefully read a statement, decide whether or not 
you agree with it, If y<.1u agree, decide whet.her you agree mi ldly 
or strongly. If you disagree, decide whether you disagree mildly 
or_ strongly, 

'Then mark "X" through the appropriate symbol beside the question. 

A+ if you agree strongly 
A if you agree mildly 
0 if you have no opinion 
D if you disagree mildly 
l)+ if you disagree strongly 

10. Anything we need to know can be found out 
through science . 

11. Once they have developed a good theory, 
scientists must stick together to prevent 
others from saying it is wrong • 

.l 2 . There are some things which a re known 
by science to be absolutely true. 

13. Scientists cannot always find the answers 
to their questions. 

14. The day after day search f or scientific 
knowledge would become boring for me. 

15. A good scientist doe sn't have any i deas 
J:ie is not willing to change. 

16. Pub lic unde r standing o f science is 
necessary because scientific research 
requires financi.al support through the 
government. 

17. Ideas are one of the most important 
products of science. 

18. There is no need for the public to 
understand sc.ience in order for 
scientific progress to occur. 

19 . A major purpose of science is to help 
man live mor e romfortably. 

20. Scientists beJieve tha t no thing is known 
to be t rue with absolute certainty. 

21 . I would l i ke t o work i n a scient i f i c 
field. 

TI1ank you for your a s s is t an ce. 

A+ A 0 D 

A+ A 0 D 

A+ A 0 D 

A+ A 0 D 

A+ A 0 D 

A+ A 0 D 

A+ A 0 D 

A+ A 0 D 

A+ A 0 D 

A+ A 0 D 

A+ A 0 D 

A+ A 0 D 

95. 

D+ 

D+ 

D+ 

D+ 

D+ 

D+ 

l)+ 

D+ 

IH-

D+ 

D+ 

D+ 
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