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ABSTRACT 

Science t each ing  by inqu i ry  was given much a t t e n t i o n  by 

educators  and curr iculum planners  i n  the  60 ' s  and e a r l y  70 ' s  

and i s  s t i l l  emphasized i n  sc ience  c u r r i c u l a  today. The 

purpose of t h i s  s tudy w a s  t o  determine t h e  a t t i t u d e s  of 

junior  secondary sc ience  t eachers  toward inqu i ry  and whether 

such a t t i t u d e s  were r e l a t e d  t o  teaching  p r a c t i c e s .  

S p e c i f i c a l l y ,  t h e  s tudy s e t  out  t o  determine t h e  a t t i t u d e  

towards i n q u i r y  of a sample of junior  secondary sc ience  

t eachers  and t o  i d e n t i f y  t h e  r e l a t i o n s h i p s  between such 

a t t i t u d e s  and observed classroom p r a c t i c e s ,  t eachers '  

percept ion  of classroom p r a c t i c e s ,  and s t u d e n t s '  percept ion  

of classroom p r a c t i c e s .  The s tudy a l s o  i d e n t i f i e d  t h e  

r e l a t i o n s h i . 2 ~  between t eachers '  percept ion  of teaching  

p r a c t i c e s  and observed classroom p r a c t i c e s  and s tuden t s '  

percept ion  of t each ing  p r a c t i c e s .  

The sample c o n s i s t e d  of twenty-two junior  secondary 

sc ience  t e a c h e r s  from two school  d i s t r i c t s  i n  t h e  lower 

mainland of B r i t i s h  Columbia and 1,341 s tuden t s .  

Data f o r  t h e  s tudy were obtained through s i x t y - f i v e  

audio-taped l e s s o n s  of the  randomly s e l e c t e d  t eachers  ( t h r e e  

from each t e a c h e r ) ,  a t eacher  ques t ionnai re  and a  s tuden t  

ques t ionna i re .  Teachers were asked ques t ions  t o  determine 

t h e i r  a t t i t u d e s  toward inqu i ry  s t r a t e g i e s  and ques t ions  

r e l a t e d  t o  t h e i r  own teaching  behaviors,  and s tuden t s  were 

asked t o  respond t o  ques t ions  about t h e i r  t eachers '  classroom 

iii 



practices. The audio-taped lessons were coded using the 

Science Teaching Observation Schedule (STOS ) which provided 

a quantitative and qualitative record of the classroom 

behaviors of teachers. Pearson product-moment correlation 

coefficients were computed for the correlations mentioned. 

The results indicated that no relationships exist 

between teacherst attitudes toward inquiry and their actual 

teaching practices and their students' perception of their 

classroom practices; a positive relationship exists between 

teacherst attitudes toward inquiry and their perception of 

their teaching practices; no relationship exists between the 

teachers' perception of their teaching behaviors and their 

observed teaching practices; and a slight relationship 

exists between teacherst perception of their teaching 

practices and their students' perception of their teachers1 

teaching behaviors. 
. 
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CHAPTER I 

INTRODUCTION TO THE STUDY 

Context of the Problem 

The teaching of science' as inquiry was given much 

attention by educators and curriculum planners in the 60's 

and early 70's (Glass, 1967; Hurd, 1969; Karplus and Thier, 

1969; Kuslan and Stone, 1972; Schwab and Brandwein, 1966; 

and Sund and Trowbridge, 1973). In fact, all the innovative 

science programs for the elementary and secondary schools 

funded by the National Science Foundation of the United States 

in the 60's and are in use today have an inquiry orientation. 

The Nuffield Foundation projects of Great Britain and other 

national science curriculum projects of many other countries 

are of similar orientation. In this respect, the trend in 

science education has been shifting from the ingestion of 

information to the acquisition of processes, concepts, 

attitudes and creativity. 

Many new methods of teaching science with emphasis on 

the inquiry approach have been introduced especially at the 

secondary level. Lazarowitz and Lee (1976) recommended that 

the effective implementation of the secondary science curricula 

developed within the past twenty years required the classroom 

teachers to use inquiry strategies. These techniques asked 

the teachers to create learning environments with instructional 



activities in which students become active rather than 

passive learners. Textbooks, teachers* guides and laboratory 

materials were developed and published to meet the need for 

this type of approach to teaching. New programs were conducted 

to train teachers in inquiry approaches through in-service. 

Such techniques and approaches also become part of most pre- 

service teacher training programs. 

Lazarowitz (1973), in reviewing the teaching activities 

required by the various secondary science programs, stated 

that this new approach in teaching demanded a radical change 

in many secondary science teachers attitudes toward inquiry 

teaching. Blankenship (1967), in his study concerning 

teachers' attitudes and the BSCS (1963) curriculum, found 

favorable attitudes toward the BSCS programs among secondary 

science teachers who had as many as three years of teaching 

experience. Ost (1971), from his studies, was able to 

conclude that the classroom behaviors of teachers and their 

attitudes toward the BSCS curricular materials and rationale 

improved after participating in a BSCS institute program. 

Black (1962) and Sadler (1967) conducted studies on PSSC 

(1960) teachers and reported that favorable attitudes toward 

the PSSC curriculum correlated with the teachers' personality 

traits and intellectual efficiency. Studies by Barnes (1966) 

and Kochendorfer (1966) showed that teachers who had used 

BSCS materials for several years had a high acceptance of the 

BSCS objectives and used laboratory and classroom activities 



which conformed to the activities recommended by BSCS. The 

results of Orgren's survey (1977) demonstrated that teachers 

who adopted the RRESS (1970) curriculum under mandate changed 

their teaching behaviors in the direction advocated by the 

curriculum. 

On the contrary, Winkeljohn (1972) found that in spite 

of the the teachers being trained in inquiry-oriented 

laboratory activities, they still employed content-oriented 

lectures rather than inquiry-oriented studentsv activities. 

Similarly, Wideen (1971) concluded from his study that 

though the new science programs improved the teachers1 

understanding of science processes, they had no effect on 

changing the teachers1 belief system or their classroom 

verbal interactions. Also, Behnke (1961) suggested that 

although teachers may accept the philosophy of science as 

inquiry and use the curriculum materials, over fifty percent 

of the teachers in his study indicated that scientific 

knowledge does not change. 

Lazarowitz, in another study (1976), cautioned that 

neither the use of new programs nor the length of time they 

were used would assure proper interpretation of the inquiry 

approach advocated by the programs. Barnes (1966) and 

Gallagher (1967) too warned that the mere use of the inquiry 

program materials did not assure a positive change in the 

teachers1 philosophy toward inquiry teaching or the use of 

inquiry strategies. To this effect, Hurd (1969) wrote that: 



a f t e r  a decade of curriculum reform and 
'up-grading'  of t e a c h e r s  it appears a t  t h i s  
time t h a t  perhaps as many as two-thirds  of 
t h e  t e a c h e r s  us ing  t h e  textbooks of t h e  new cur l i cu la  
a r e  n o t  t each ing  t h e  course i n  the  mode 
envisaged by t h e  authors ,  

and he cont inued:  

I t  i s  l e s s  c l e a r  how teaching  f o r  concepts 
d i f f e r s  from teaching  f o r  f a c t u a l  information.  
These new programs demand i n f i n i t e l y  s k i l l e d  
t e a c h e r s  us ing  methods of i n s t r u c t i o n  t h a t  a r e  
suppor t ive  of the  new goa l s .  And t h e r e  is  l i t t l e  
doubt t h a t  convent ional  methods of teaching  w i l l  
n o t  a t t a i n  t h e s e  ends. The educat ional  problem 
i s  n o t  one of 'methods' o r  'no methodsf but  
methods s u i t a b l e  t o  new goa l s  of i n s t r u c t i o n ,  
methods t h a t  c a l l  f o r  t eachers  t o  understand t h e  
r a t i o n a l e  underlying t h e  new courses  as w e l l  
as t o  know compatible i n s t r u c t i o n a l  procedures 
( P O '  117). 

Koran (1969), l i k e  Hurd, had p e s s i m i s t i c  p i c t u r e s  of the  

science t each ing  s i t u a t i o n s  i n  schools  when he poin ted  out  

t h a t  u n t i l  t hen  " t h e  i n q u i r i n g  s t y l e  of teaching  meant t o  

accompany t h e s e  new m a t e r i a l s  i s  l i t t l e  used o r  poorly 

understood" by t e a c h e r s .  

Most of  t h e  s t u d i e s  t h a t  had been conducted during t h e  

p a s t  two decades compared t h e  e f f e c t i v e n e s s  of d i f f e r e n t  

inqui ry  methods of  teaching  and t r a d i t i o n a l  methods of 

teaching on l e a r n i n g ,  r e t e n t i o n  and t r a n s f e r  of l e a r n i n g  

(Anthony, 1973; Cheong, 1971; Dumbleton, 1973; Grimes, 1973; 

and Murphy, 1978). A few s t u d i e s  had used s t u d e n t s  only t o  

r e p o r t  on classroom behaviors  of t eachers ,  and l e s s  few 

repor ted  t h e  a t t i t u d e s  and a c t i o n s  of i n d i v i d u a l  sc ience  

t eachers  e s p e c i a l l y  those n o t  involved i n  a curr iculum 



disseminat ion p r o j e c t .  

The t e a c h e r  i n  any classroom i s  respons ib le  f o r  t h e  

p resen ta t ion  of t h e  sc ience  program t o  the  s tuden t s .  High 

school sc ience  t e a c h e r s ,  teaching  t h e  same t o p i c s  and us ing  

the  same t e x t  v a r i e d  very  cons iderably  i n  t h e i r  teaching  

methods and a c t i v i t i e s  which r e s u l t e d  from the  t eachers '  

i n t e r p r e t a t i o n  of t h e  curr iculum (Gallagher ,  1967). Thus, i f  

the  new sc ience  programs were t o  be proper ly  implemented, 

t eachers  would have b e l i e v e  i n  inqu i ry  and s t r e s s  inqu i ry  

behaviors t h a t  were consonant wi th  t h e  goa l s  and methods of 

the  programs. 

Statement of t h e  Problem 

Great emphasis had been p laced  on inqui ry  i n  the  

teaching of sc ience  i n  t h e  secondary schools  f o r  q u i t e  

sometime. Textbooks f o r  s t u d e n t s ,  guides  f o r  teachers  and 

l abora to ry  m a t e r i a l s  a l l  r e f l e c t e d  t h i s  inqui ry  approach. 

It i s  appropr ia t e  t o  a sk  whether o r  n o t  sc ience  t eachers  

be l ieve  i n  t h e  i n q u i r y  approach and whether such b e l i e f s  a r e  

r e f l e c t e d  i n  t h e i r  classroom p r a c t i c e s .  

The purpose of t h i s  s tudy was t o  determine what the  

a t t i t u d e s  of t e a c h e r s  toward inqu i ry  w r e  and whether such 

a t t i t u d e s  were r e l a t e d  t o  t h e i r  classroom p r a c t i c e s .  The 

s p e c i f i c  ques t ions  which t h i s  s tudy attempted t o  answer were: 

1. To what e x t e n t  do the  t e a c h e r s t  a t t i t u d e s  toward 

inqu i ry  c o r r e l a t e  with t h e i r  teaching  p r a c t i c e s  a s  coded 

from the  audio-taped l e s s o n s ?  



2. To what e x t e n t  do t h e  t e a c h e r s 1  a t t i t u d e s  toward 

inqu i ry  c o r r e l a t e  with what they  perceived themselves t o  be 

doing i n  t h e  classroom? 

3. To what e x t e n t  do t h e  t e a c h e r s f  a t t i t u d e s  toward 

inqu i ry  c o r r e l a t e  with what the  s t u d e n t s  say t h e i r  t eachers  

do i n  the  classroom? 

4. To what e x t e n t  do t h e  t e a c h e r s 1  percept iorsof  t h e i r  

teaching  p r a c t i c e s  c o r r e l a t e  wi th  what they a c t u a l l y  do i n  

t h e  classroom? 

5. To what e x t e n t  do t h e  t eachers1  pe rcep t iomof  t h e i r  

teaching  p r a c t i c e s  c o r r e l a t e  with what t h e i r  s tuden t s  say 

t h e i r  t eachers  do i n  t h e  classroom? 

Need f o r  t h e  Study 

Much emphasis had been p laced  on inqu i ry  as a  powerful 

means of i n s t r u c t i o n  and an important  competency t o  be learned  

by s tuden t s .  Yet i n  our  schoo l  system today much of t h e  

i n s t r u c t i o n a l  p r a c t i c e s  c o n s i s t e d  of teacher  l e c t u r i n g  and 

note- tak ing  by t h e  s t u d e n t s  (Science Assessment Contract  

Team, 1978).  From the  s tudy of sc ience  teaching  i n  B r i t i s h  

Columbia, t h e  Science Assessment Contrac t  Team repor ted  t h a t  

t h e  main a c t i v i t i e s  used by t h e  jun io r  secondary science 

t e a c h e r s  were " l i s t e n i n g  t o  l e c t u r e s ,  doing worksheets, 

copying no tes  from blackboard o r  overhead p r o j e c t o r ,  working 

on problems a t  t h e  end of  chap te r  i n  textbook, memorizing 

sc ience  information and read ing  from textbooks".  However, 



t he  above l i s t  of a c t i v i t i e s  were fa r  from t h e  inqu i ry  

approach t h a t  has  developed over t h e  p a s t  two decades and 

which i s  t y p i c a l l y  recommended. I n  t h e  p r e s e n t  t imes,  during 

l abora to ry  work, s tuden t s  perform experiments from s e t s  of 

i n s t r u c t i o n s  i n  t h e i r  textbooks,  i n t e r p r e t  and r e p o r t  t h e i r  

observa t ions  i n  t h e i r  own words. The t e a c h e r s  never a s s i g n  

experiments o r  sc ience  p r o j e c t s  o r  r e p o r t s  as homework. 

1t would appear then t h a t  t h e  B r i t i s h  Columbia scene i s  

s i m i l a r  t o  those  s t u d i e d  i n  t h e  United S t a t e s  and t h e  United 

Kingdom. Severa l  s t u d i e s  had found l i t t l e  acceptance 

of t h e  i n q u i r y  philosophy by t e a c h e r s  i n  terms of a c t u a l  

classroom p r a c t i c e s  (Amos, 1970; Koran, 1969; Parakh, 1967; 

and Raymond, 1973).  Other s t u d i e s  had shown t h a t  t h e r e  were 

many v a r i a t i o n s  i n  t h e  implementation of t h e  inqui ry  

s t r a t e g i e s  and t h a t  those v a r i a t i o n s  were dependent upon t h e  

manner and degree t o  which t h e  t e a c h e r  had t r a n s l a t e d  i t s  

theory  i n t o  h i s  own philosophy (Gallagher ,  1967; Golmon, 

1972; Montague and Ward, 1968; and Sanford,  1977). Galton 

and Eggleston (1979) s tud ied  the  a c t u a l  process  of sc ience  

t each ing  i n  t h e  B r i t i s h  classrooms of n ine ty- four  t eachers  

and concluded t h a t  many t eachers  adopt  teaching  s t y l e s  which 

run  counter  t o  t h e  philosophy inheren t  i n  t h e  Nuff ield 

c u r r i c u l a .  

Since t h e  teacher  i s  the  'manager of t h e  l e a r n i n g  

s i t u a t i o n ' ,  h i s  a t t i t u d e  toward inqu i ry  and t h e  r e l a t i o n s h i p  

t o  h i s  teaching  p r a c t i c e s  w i l l  be i n v e s t i g a t e d .  This  study 



w i l l  i d e n t i f y  t h e  degree of acceptance of t h e  inqu i ry  

approach t o  sc ience  teaching  by junior  secondary sc ience  

t eachers  and what they  a c t u a l l y  do i n  t h e i r  classroom 

p r a c t i c e s .  Informat ion  about sc ience  t eachers '  a t t i t u d e s  

i n  terms of acceptance,  understanding and mastery of the  

philosophy of t h e  modern sc ience  programs could h e l p  sc ience  

educators  understand the  needs of sc ience  t e a c h e r s  

p a r t i c u l a r l y  t h e  junior  secondary sc ience  t e a c h e r s  i n  

B r i t i s h  Columbia. I n  a d d i t i o n ,  it might t h e n  be poss ib le  

t o  i d e n t i f y  any i n s t r u c t i o n a l  o r  psychologica l  b a r r i e r s  t o  

inqui ry  sc ience  teaching  if t h e r e  were any. These informations 

would be of p o t e n t i a l  va lue  t o  sc ience  educators  and sc ience  

curriculum p lanners  i n  p a r t i c u l a r .  

Limi ta t ions  of t h e  Study 

Though t h e  schools  i n  t h e  two school  d i s t r i c t s  i n  

B r i t i s h  Columbia were randomly s e l e c t e d ,  t h e  sc ience  t eachers  

who even tua l ly  took p a r t  i n  t h e  s tudy were asked t o  

p a r t i c i p a t e .  The a t t r i t i o n  r a t e  w a s  high as many of the  

t eachers  d i d  n o t  l i k e  t o  have t h e i r  l e s sons  observed and 

taped. 

The s tudy w a s  l i m i t e d  t o  twenty-two sc ience  t e a c h e r s  

from t h e  Burnaby and Coquitlam junior  secondary schools  and 

the  s t u d e n t s  i n  the  c l a s s e s  t h a t  were observed. 

Owing t o  t h e  s m a l l  sample s i z e  of the  t eachers ,  broad 

g e n e r a l i z a t i o n s  about sc ience  teaching  should no t  be drawn 



from the  da ta .  It shoulc 2 be made c l e a r  however t h a t  a l l  t h e  

d a t a  pointed t h e  same d i r e c t i o n .  The r e a d e r  i s  r e f e r r e d  here 

t o  the  s tudy by Cusack (1979). 

Audio t a p e s  were used t o  record  a l l  t h e  l e s sons  a f t e r  

t h e  t eachers  from t h e  f i r s t  school  were opposed t o  t h e  i d e a  

of being videotaped.  Taping of t h e  l e s s o n s  were n o t  made a t  

random, but  r a t h e r  on the  b a s i s  of convenience f o r  t h e  

t eachers  and observers .  

Although every e f f o r t  was made t o  minimize classroom 

i n t e r r u p t i o n s ,  t h e  presence of an observer ,  microphones and 

c a s s e t t e  t a p e  r e c o r d e r  s e t  up i n  the  classroom might have 

a d i s r u p t i v e  in f luence  on s tuden t - t eacher  behavior. This  

could t h r e a t e n  t h e  v a l i d i t y  of t h e  d a t a  obtained and t h e  

conclusions der ived.  

There were bound t o  be some l l e r ro r s  of c l a s s i f i c a t i o n 1 '  

when the  l e s s o n s  were coded from t h e  audio-tapes.  The au thors  

of the  schedule used i n  the  l e s s o n  coding recommended t h a t  

" t h e  schedule has  been designed p r imar i ly  f o r  use by 

observers  p r e s e n t  a t  t h e  l e s s o n  as it t a k e s  p lace ,  but  it 

may a l s o  be used t o  c l a s s i f y  t eacher -pup i l  i n t e r a c t i o n  as 

recorded on videotape o r  even as t r a n s c r i b e d  from audio-tape" 

( ~ g g l e s t o n ,  Galton and Jones,  1975, p. 18) .  

Since t h e  l e s s o n s  were coded from audio-tapes,  t h e  

a c t u a l  t each ing  p r a c t i c e s  of t h e  t eachers  were confined t o  

the ve rba l  i n t e r a c t i o n  t h a t  took p lace  i n  the  classroom 



between t eacher  and s t u d e n t s  and between s tuden t s  and 

s tuden t s .  No a f f e c t i v e  o r  managerial  behaviors were coded. 

F i n a l l y ,  it w a s  assumed t h a t  t h e  t eachers  and s t u d e n t s  

answered t h e  ques t ionna i res  hones t ly  and accura te ly  as s t r o n g  

emphasis w a s  placed on the  c o n f i d e n t i a l i t y  of t h e i r  answers. 

However, t h i s  assumption may be most d i f f i c u l t  t o  j u s t i f y  

f o r  the  case of t h e  s tuden t  ques t ionna i re .  



CHAPTER I1 

REVIEW OF THE LITERATURE 

This  chap te r  i s  a review of s e l e c t e d  

a s s o c i a t e d  wi th  t h i s  s tudy.  Following t h e  

l i t e r a t u r e  

in t roduc t ion ,  t h e  

concepts of inqu i ry  w i l l  be d iscussed ,  then  t h e  pros and 

cons f o r  inqu i ry  teaching and the  sc ience  t e a c h e r ' s  r o l e  

i n  t h e  inqu i ry  teaching  process  w i l l  be t r e a t e d .  F i n a l l y ,  

r e sea rch  f i n d i n g s  on t h e  a r e a s  of sc ience  teaching  p r a c t i c e s  

and the  r e l a t i o n s h i p s  t o  a t t i t u d e  toward inqu i ry ,  t eacher  

percept ion  and s tuden t  percept ion  w i l l  be presented.  

I n t r o d u c t i o n  

The sc ience  programs which were developed i n  the  United 

S t a t e s ,  Great  B r i t a i n  and A u s t r a l i a  i n  t h e  60 ' s  and 70 's  

had emphasized inqu i ry  as a l e a r n i n g  ob jec t ive  i n  the  teaching  

of science. '  This same philosophy i s  s t r e s s e d  i n  the  Jun io r  

Secondary School Science Curriculum Guide of B r i t i s h  Columbia 

i n  the  s ta tement :  " the  teaching  of sc ience  should be based 

upon inqu i ry  and observat ion" (Province of B r i t i s h  Columbia 

Science 10, 1970, p .  4 )  and t h a t  " s tuden t s  should emerge 

from t h e  J u n i o r  Science Programme understanding t h e  ways of 

s c i e n t i s t s ,  a b l e  t o  r e a d  i n s t r u c t i o n s  and w r i t e  r e p o r t s ,  

wi th  a coherent  body of s c i e n t i f i c  knowledge t h a t  they 

understand and can apply t o  so lve  problems t h a t  concern 



them" (Province of British Columbia Science 

The inquiry approach to teaching which is referred to as 

the hypothetical mode by Bruner (1963) as opposed to the 

expository mode, allows greater student participation and 

encourages discovery learning. The learner is motivated by 

elf direction. He avoids rote learning and develops 

i ~tellectual skills and behavior necessary in a democratic \ 
sdciety'. Many science educators no longer consider science 

as a body of classified facts, but instead as a dynamic 

process of inquiry. 

The ideas that are implied in inquiry, however, are not 

new. They can be traced back to the writings of John Dewey 

(Worton, 1964, p. 49) in the 30's to present day writers such 

as Stenhouse (1975, p. 37). Schwab (1966) in "The Teaching of 

Science as Enquiryw gave some insight to the understanding 

of inquiry in science teaching. He stated that 

... the phrase "the teaching of science as 
einquirylis ambiguous. It means first, a 
process of teaching and learning which is, 
itself, an enquiry, "teaching as 4nquiry." 
It means second, instruction in which science 
is seen as a process of +nquiry, "science as 
inquiry. 

Schwab further pointed out that both are important in the 

inquiry classroom: 

. . . on the one hand, its materials would exhibit 
science as Qnquiry. On the other hand, the student 
would be led to enquire into these materials ... 
In short, the classroom would engage in an 
enquiry into enquiry (p. 65). 
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concepts of Inqu i ry  - 
From t h e  number of innovat ions t h a t  have been introduced 

as new techniques i n  t h e  teaching of sc ience ,  one would 

conclude t h a t  t h e  concept of inqui ry  has a  wide range of 

d e f i n i t i o n s .  S e v e r a l  people have taken a f a i r l y  g e n e r a l  

perspect ive  on inqu i ry .  For example, Young (1968) def ined  

inqui ry  as " a  seeking  of information by t h e  asking  of ques t ions , "  

a s  t y p i f i e d  by t h e  S o c r a t i c  Method i f  t h e  t eacher  a sks  a l l  t he  

quest ions.  Inqu i ry  was defined as " a  search f o r  t r u t h ,  

knowledge and informationw by Demchik and Demchik (1970).  

Rutherford (1964) d i s t ingu i shed  between " inqu i ry  as content" ,  

and "using t h e  method of  science inqui ry  t o  l e a r n  sc ience" ,  

which he c a l l e d  " inqu i ry  a s  technique" and he was more 

s p e c i f i c  t o  s t a t e  t h a t :  

... it i s  s c i e n t i f i c  inqu i ry  we a r e  concerned 
wi th ,  n o t  inqu i ry  i n  genera l .  Otherwise, i f  
a l l  t h a t  i s  intended by t h e  inqui ry  method 
i s  t h a t  we should encourage a  s tuden t  t o  be 
i n q u i s i t i v e ,  cu r ious ,  t o  ask ques t ions ,  and t o  
t r y  t o  f i n d  answers f o r  himself ,  then  we a r e  
advocat ing no more than  what good t eachers  
have long be l ieved i n  and p r a c t i s e d  (pp. 80-81).  

Suchman (1964) i n  t e l l i n g  about t h e  I l l i n o i s  P r o j e c t  i n  

Inquiry Tra in ing  descr ibed  inqui ry  as " t h e  a c t  of c r e a t i n g  

ind iv idua l  knowledge by ga the r ing  and processing information." 

Many w r i t e r s  had used terms such as "divergent  t h i n k i n g w ,  

" c r e a t i v i t y " ,  "discovery",  " s c i e n t i f i c  method", " the  induct ive  

methodw, " t h e  s tudent -centered  method" and "problem solv ing"  

t o  mean inqu i ry .  S t e i n e r  (1970), f o r  ins t ance ,  suggested 

t h a t  " inqu i ry  as it p e r t a i n s  t o  science appears t o  



be s i m i l a r  t o  terms used much e a r l i e r ,  such as ' d i scovery ' ,  

'problem-solving' ,  and ' s c i e n t i f i c  method1." Anastasiou 

(1971) advocated t h e  new sc ience  teaching  approach as inqu i ry  

and discovery,  def ined  inqu i ry  as the  l l spec ia l  manner i n  

which problems a r e  approached" and discovery as t h e  "hopeful 

r e s u l t  of t h a t  approach t o  l ea rn ing . "  The mul t ip le  d e f i n i t i o n s  

given t o  i n q u i r y  had g iven  r i s e  t o  unce r t a in ty  as regards  t o  

what it means i n  terms of what goes on i n  the  classroom. 

This l e d  Kurd (1969) t o  sugges t  t h a t :  

A number of new developments have educat ional  
l a b e l s  t h a t  a r e  n o t  e a s i l y  understood, such as, 
process ,  i n q u i r y ,  d i s c i p l i n e d  centered ,  discovery 
and c r e a t i v e .  The f a c t  these  terms a r e  used 
sugges t s  t h e  new i s  no t  l i k e  the  o ld ,  but how 
it d i f f e r s  is  n o t  s o  c l e a r .  The new l a b e l s  se rve  
more as s logans  than  as educat ional  p r a c t i c e ,  
and one i s  hard  pu t  t o  d i s t i n g u i s h  c l a s s  
performances t a u g h t  under one l a b e l  or  another  
( p .  126) .  

That i n q u i r y  t each ing  is  synonymous with induct ive  

teaching and problem-solving has been supported by Young 

(1969) when he wrote:  

It i s  a c t u a l l y  a broad term which desc r ibes  a 
g e n e r a l  method f o r  teaching  s tuden t s  t h e  s k i l l s  
of c r i t i c a l  th ink ing ,  hypothesizing and problem- 
s o l v i n g  (p. 36) .  

Voss and Brown (1968) def ined  inqui ry  a s  Ifan i n v e s t i g a t i o n  

and search  f o r  informat ion  o r  knowledge by t h e  asking of 

p e r t i n e n t ,  r e l e v a n t  ques t ions .  l1 Novak (1964) t a l k e d  of 

inqu i ry  as " the  t o t a l  conf igura t ion  of behaviors involved i n  

the  s t r u g g l e  of human beings f o r  reasonable explanat ions  of 

phenomena about  which they  a r e  c u r i o ~ s . ~  Rachelson (1977) 
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contended that scientific inquiry is a two-component problem- 

solving process, namely, hypothesis generating and hypothesis 

testing of which the latter has been over-emphasized to 

the exclusion of the former in classroom instruction He 

maintained that these two components are dependent on each 

other. Humphreys (1978) defined inquiry as "the scientist's 

method of problem solving." The McREL-BSCS Committee on 

Inquiry Objectives (1969) supported the idea that the inquiry 

process is a problem-solving process too, so did Gagne (1963) 

who stated that inquiry is "characterized by a problem- 

solving approach, in which each newly encountered phenomenon 

becomes a challenge for thinking." 

Unlike Gagne, who was more interested with the end- 

product of inquiry learning, Bruner (1968) emphasized the 

process or heuristics of inquiry. In reference to the 

acquisition of manipulative skills, he stated that "the more 

one has practice, the more likely one is to generalize what 

one has learned into a style of problem-solving or inquiry 

that serves for any kind of task encountered." 

Suchman (1968) described inquiry as a pupil-initiated 

process when he stated: 

. . . the more active and autonomous the learner 
becomes in a learning process and the more he 
takes responsibility for decisions regarding 
the collection and interpretation of information, 
the more meaningful the learnin becomes and 
the more motivated the learner Tp. 56). 



Fish and Goldmark (1966) talked about inquiry as an approach 

whereby the students determine the method to use in their 

inquiry. They then face the result of their decisions and 

can then analyze the methods which produce these results. 

Beyer (1971) defined inquiry teaching as "one that has 

students identify a problem for solution, propose possible 

solutions, test these possible solutions against the evidence, 

draw conclusions warranted by the testing and then, later 

perhaps,apply these conclusions to new data and generalize." 

Tannenbaum (1969) listed the precedures followed during a 

scientific inquiry, namely, observing, comparing, classifying, 

quantifying, measuring, experimenting, inferring and 

predicting, as scientific processes. Schwab (1963), one of 

the major proponents of inquiry teaching, stated the following 

about inquiry: 

To teach science as enquiry means, first, 
to show students how knowledge arises from 
the interpretation of data. It means, second, 
to show students that the interpretation of 
data - indeed, even the search for data - 
proceeds on the basis of concepts and 
assumptions that change as our knowledge grows. 
It means, third, to show students that because 
these principles and concepts change, knowledge 
changes too. It means, fourth, to show students 
that, though knowledge changes, it changes for 
good reason -because we know better and know 
more than we knew before (p.' 46). 

Cheong (1971), Ivany (1975), Lucas (1971) and Steiner 

(1970) felt that clarification of these terms is important; 

and particularly in curriculum evaluation inquiry teaching, 

Cheong commented that: 



. . .' broad statements of definition of inquiry 
have limited practical utility for pedagogy 
and research: in fact indiscriminating use of 
terms like "discovery", "scientific method" 
and "problem solving" to denote inquiry 
without elaboration could generate difficulties 
in curriculum efforts particularly in evaluating 
attainments of inquiry teaching (p. 26). 

Lucas pointed out the confusion to teachers when such terms 

were not properly defined by stating that: 

.'..I different terms (were) coined to describe 
essentially similar teaching techniques. But 
the effect on the classroom teacher trying to 
decide from the literature which, if any, 
of these new techniques to use is unfortunate: 
he is met by an apparently conflicting set of 
claims, and it is all too easy for him to be lost 
in a semantic fog (p.' 194). 

Ivany, in distinguishing between the terms discovery and 

inquiry, suggested that the Suchman Inquiry-training Program 

would be more correctly called the guided-discovery instead 

of the inquiry-training program as there is "a deliberate 

attempt to structure experiences for children so that through 

exploration they will be led to find out for themselves some 

of the basic ideas of sciencew (p. 136).' 

Shulman and Tamir (1973) observed that there was some 

ambiguity in the way in which the terms ~discoveryf and 

'inquiry1 were used. They mentioned three ways, namely, 

(i) the words are used to describe methods of teaching which 

are often contrasted with methods described as Itraditional1, 

expository1, Ididactic1, 'teacher-centered1, 'dogmatic1, or 

'deductive1, (ii) the terms refer to processes which occur in 



goals  and i n q u i r y  processes .  Theobald (1977) p r e f e r r e d  t o  use 

such terms as 'd iscovery1,  ' i n d u c t i v e ' ,  and ' i n q u i r y v  t o  

describe t each ing  s t r a t e g i e s .  Stenhouse (1968 ) t r i e d  t o  draw a 

d i s t i n c t i o n  between discovery-  and inquiry-based teaching  when 

he commented t h a t :  

I n  discovery-based t each ing  the  t eacher  in t roduces  
h i s  p u p i l s  i n t o  s i t u a t i o n s  so s e l e c t e d  o r  devised 
t h a t  they  embody i n  i m p l i c i t  o r  hidden form 
p r i n c i p l e s  o r  knowledge which he wishes them t o  
' l earn . . .  Where a curr iculum a r e a  is  a d ivergent ,  
r a t h e r  than  a convergent f i e l d ,  i . e .  where t h e r e  
i s  no simple c o r r e c t  o r  i n c o r r e c t  outcome, but  
r a t h e r  an emphasis on t h e  i n d i v i d u a l  responses 
and judgements of t h e  s tuden t s ,  t h e  case f o r  an 
inquiry-based approach i s  a t  i t s  s t r o n g e s t  (p.' 30).  

That discovery l e a r n i n g  and inqu i ry  t r a i n i n g  have much i n  

common has been claimed by T i she r ,  Power and Endean (1972) 

when they s t a t e d  t h a t :  

... both involve problem so lv ing  - t h e  genera t ion  
of hypotheses and t h e  search  f o r  new r e l a t i o n s h i p s  
o r  r e c u r r e n t  r e g u l a r i t i e s  i n  the  environment. 
I n  both cases  s t u d e n t s  a r e ,  t o  a  g r e a t e r  o r  l e s s e r  
degree encouraged t o  make t h e i r  own observat ions ,  
t o  i n t e r p r e t  t h e s e  and t o  draw conclusions - w i t h  
minimal h e l p  from t h e  t eacher  (p. 95) . 

Based on t h e  l i t e r a t u r e  r e ~ ~ e w e d ,  s e v e r a l  impl ica t ions  

f o r  sc ience  t each ing  can be drawn. Inqui ry  impl ies  the  asking  

of ques t ions  t o  s t i m u l a t e  d ivergent  th ink ing  i n  the  s tuden t s ,  

guiding s t u d e n t s  t o  d iscover  concepts and p r i n c i p l e s  induc t ive ly ,  

teaching t h e  s t u d e n t s  t o  solve problems s c i e n t i f i c a l l y  and t o  

be respons ib le  f o r  t h e i r  own l e a r n i n g .  Thus, f o r  the  purpose of 

t h i s  s tudy,  p a r t i c u l a r l y  with regard  t o  t h e  s e l e c t i o n  of t h e  

instruments used, I s h a l l  def ine  inqui ry  teaching  as an approach 

i n  science educat ion  which a-ims a t  engaging s tuden t s  i n  t h e  
I 



process of s c i e n t i f i c  inqu i ry  through an induct ive ,  s tuden t -  

centered,  autonomous and problem solv ing  methodology. 

Why Teach by t h e  Inqu i ry  Method? 

One of the  most va luable  ob jec t ive  f o r  science 

i n s t r u c t i o n  i s  t o  develop i n  s tuden t s  an understanding of t h e  

means of so lv ing  problems, unfo r tuna te ly ,  many t e a c h e r s  i n  

our school system today have t r a d i t i o n a l l y  emphasized the 

product of sc ience  (body of knowledge). There should be 

increased use of i n q u i r y  techniques by t eachers  f o r  t h e  purpose 

of d i r e c t i n g  and improving i n t e l l e c t u a l  development (Bruner , 

1961). Cheong (1971) proposed t h e  use of inqu i ry  teaching  f o r  

t h e  development of " t h e  cogn i t ive  and e f f e c t i v e  p o t e n t i a l s  

of the  individua1.l1 Heath (1964), i n  comparing the  cogn i t ive  

. preferences of s t u d e n t s  a f t e r  t ak ing  PSSC cou-rses ( i n q u i r y )  

with those of a group a f t e r  t a k i n g  non-PSSC courses ,  found t h a t  

the  s tuden t s  who took t h e  PSSC courses  had "developed 

s i g n i f i c a n t l y  g r e a t e r  cogn i t ive  preferences."  S imi la r ly ,  

Wasikls (1971) study showed t h a t  t h e  new physics  (PSSC) 

mate r i a l s  were more e f f e c t i v e  i n  developing higher  cogni t ive  

process s k i l l s  than  convent ional  physics  courses ,  Marks (1967) 

found a  similar r e s u l t  i n  chemistry.  Klopfer (1969) be l ieved 

t h a t  the understanding of t h e '  s c i e n t i f i c  inqu i ry  was a more 

important f a c t o r  than  t h e  comprehension of concepts.  He s t a t e d  

t h a t  "a major emphasis i n  educat ion f o r  sc ience  l i t e r a c y  must 

be 'p laced on t h e  processes  of sc ience  inqui ry .  l1 S tudents  t augh t  

by the  inqu i ry  method e x h i b i t  b e t t e r  problem solv ing  s k i l l s  

than those t augh t  by t h e  deduct ive method (Possien,  1964). 



Inquiry t r a i n i n g  i s  e f f e c t i v e  i n  increas ing  the 

divergent  t h i n k i n g  a b i l i t y  of s t u d e n t s  but  no t  so  i n  

increas ing  t h e  sc ience  subjec t -mat ter  a t ta inment  of t h e  

s tuden t s  (Fanning, 1977).  However, Jones (1972) found 

t h a t  inqui ry  t r a i n i n g  r e s u l t e d  i n  g r e a t e r  ga in  i n  sc ience  

sub jec t  ma t t e r  as measured by t h e  Cooperative General Science 

Test .  Also, Schlenker  (1970) had shown i n  h i s  study t h a t  

inqu i ry - t r a ined  s t u d e n t s  showed s i g n i f i c m t  ga ins  a s  measured 

by t h e  Test  On Understanding Science.  S imi la r ly ,  Troxel  - 

(1968) found t h a t  s t u d e n t s  who took t h e  new chemistry courses ,  

which were i n q u i r y  o r i e n t e d ,  performed h igher  on a t e s t  of 

genera l  chemistry achievement, t h e  Test  On Understanding 

Science,  and t h e  Watson-Glaser Tes t  of C r i t i c a l  Thinking 

A b i l i t y  than  d i d  s t u d e n t s  i n  t h e  t r a d i t i o n a l  chemistry 

courses .  

On the  con t ra ry ,  Clark (1968) found i n  h i s  study t h a t  

teacher-centered  c l a s s  d i scuss ions ,  l e c t u r e s  and demonstrations 

were s u p e r i o r  t o  inqu i ry  teaching  i n  increas ing  the  s tuden t s '  

achievement i n  sc ience  s u b j e c t  ma t t e r .  Neal ( 1 9 6 1 ) ,  i n  h i s  

s tudy of techniques  f o r  developing sc ience  inquiry i n  

elementary schoo l  c h i l d r e n ,  concluded t h a t  the  c h i l d r e n ' s  

i n t e r e s t  i n  sc ience  were inc reased  a s  a  r e s u l t  of t h e  d i r e c t  

approach of t each ing  t h e  methods of sc ience  inquiry.  

. Bruner (1961) proposed f o u r  major b e n e f i t s  of l e a r n i n g  

by discovery ( i n q u i r y ) .  V ic to r  summarized them as :  



The f i r s t  b e n e f i t  i s  t o  develop an increase  
i n  i n t e l l e c t u a l  potency - enabl ing c h i l d r e n  
t o  l e a r n  a  v a r i e t y  of problem-solving 
techniques ,  t o  t ransform information f o r  
b e t t e r  use,  and t o  l e a r n  how t o  l e a r n .  The 
second b e n e f i t  i s  a s h i f t  from e x t r i n s i c  
t o  i n t r i n s i c  rewards -when c h i l d r e n  s h i f t  from 
l e a r n i n g  because of t e a c h e r  and p a r e n t a l  rewards 
t o  l e a r n i n g  because t h e  l e a r n i n g  is  s e l f -  
rewarding. The t h i r d  b e n e f i t  i s  the  mastery 
of t h e  techniques of l e a r n i n g  by discovery - 
when given t h e  oppor tuni ty  t o  d iscover  and 
i n q u i r e  f o r  themselves,  they  can t r a n s f e r  t h i s  
technique t o  any t a s k  they  may encounter.  The 

' f o u r t h  b e n e f i t  i s  an a i d  t o  memory-processing - 
t h e  more c h i l d r e n  l e a r n  by discovery o r  inqui ry ,  
t h e  g r e a t e r  t h e  p r o b a b i l i t y  t h a t  t h e  ch i ld ren  
can r e c a l l  what they  have learned  (p. 2 5 ) .  

Apart from Bruner f s  f o u r  advantages,  the  inqui ry  approach 

he lps  t o  b u i l d  t h e  s t u d e n t s f  se l f - concep t s ,  increase  t h e i r  

expectancy l e v e l s ,  develops t h e i r  t a lmts  and allows time 

f o r  s t u d e n t s  t o  a s s i m i l a t e  and accommodate information (Sund 

and Trowbridge, 1973) . 
C r i t i c s  of t h e  i n q u i r y  approach t o  l e a r n i n g  and teaching 

claimed t h a t  inqu i ry  i s  f o r  t h e  t o p  f i v e  o r  t e n  percent  of 

s tuden t s ,  t e a c h e r s  and i n s t i t u t i o n s .  This i s  no t  necessary so. 

Being s tudent -centered ,  inqu i ry  teaching  provides s tuden t s  

wi th  o p p o r t u n i t i e s  t o  observe and t o  c a r r y  out  ind iv idua l  

i n v e s t i g a t i o n  which is  even more s u i t a b l e  f o r  the  slower 

s tuden t s .  I n  a d d i t i o n ,  i n q u i r y  teaching  provides s tuden t s  

con tac t  wi th  appara tus  which i s  more e f f e c t i v e  than non-contact 

on a  measure of l a b o r a t o r y  s k i l l s  ( P e l l a  and Sherman, 1969).  

C r i t i c s  of t h e  inqui ry  approach a l s o  complained t h a t  inqui ry  



teaching  i s  time consuming. Schwab (1960) d i d  n o t  agree when 

he s t a t e d  t h a t :  

The problem of f i n d i n g  enough time t o  llcoverll 
what we wish t o  cover ... i s  n o t  and, f o r  yea r s ,  
has  n o t  been, a  problem of f i n d i n g  enough 
s t u d e n t  time. It has  been a problem of f ind ing  
enough classroom time and enough t e a c h e r  time 
t o  "coverv,  i n  the  convent ional  way wi th in  
t h e  convent ional  framework of i n e l a s t i c  semester 
hours ,  on t h e  assumption t h a t  a l l  "coverage1' 
i s  i n  t h e  classroom. I now suggest  t h a t  a 
s u b s t a n t i a l  p a r t  of "coveragew be "coveredw by 
t h e  s tuden t  on h i s  own (p. 192-193). 

Vic to r  (1974) admit ted t h a t  l e a r n i n g  by inqu i ry  takes  a l o t  

of time and he r e i t e r a t e d  t h a t  t ime is  n o t  of prime 

importance i n  inqui ry  l e a r n i n g  but  d iscover ing  answers f o r  

themselves i s  of prime importance i n  a i d i n g  c h i l d r e n  t o  

' l e a r n  how t o  l e a r n ' .  DeShields (1975) supported Vic tor  and 

Schwab when she concluded i n  h e r  s tudy t h a t  t h e  s tuden t s  who 

used a process-discovery approach do n o t  n e c e s s a r i l y  l e a r n  

more con ten t ,  but  they ' l e a r n  how t o  l e a r n '  and how t o  discover  

knowledge on t h e i r  own. 

The learning-by-discovery method has been subjec ted  t o  

i n t e n s e  c r i t i c a l  review. Wit t rock (1966) maintained t h a t  

" t h e  aging but  s t i l l  e l u s i v e  learning-by-discovery hypothesis  

has  o u t l i v e d  i t s  u s e f ~ l n e s s . ~ '  S t r i k e  (1975) bel ieved t h a t  

r e sea rch  on discovery l e a r n i n g  had been inconclusive,  and 

commented t h a t  "empir ica l  s t u d i e s ,  even conducted with 

un'impeachable r i g o r ,  have f a i l e d  t o  agree because they have 

no t  shared a common i n t e r p r e t a t i o n  of e i t h e r  dependent o r  

independent v a r i a b l e s . "  Ausubel (1965),  the  most renowned 



c r i t i c  of Suchman, commented t h a t :  

Grand s t r a t e g i e s  of discovery,  l i k e  t h e  
s c i e n t i f i c  method, do no t  seem t o  be 
t r a n s f e r a b l e  ac ross  d i s c i p l i n a r y  l i n e s  - 
e i t h e r  when acqui red  wi th in  a g iven  d i s c i p l i n e  
o r  when l ea rned  i n  a more genera l  form a p a r t  
from s p e c i f i c  subjec t -mat ter  content .  

According t o  Ausubel, 

... t h e  only kinds of t r a n s f e r  t h a t  have been 
e m p i r i c a l l y  demonstrated i n  problem-solving 

. s i t u a t i o n s  a r e  t h e  t r a n s f e r  of s p e c i f i c  s k i l l s ,  
t h e  t r a n s f e r  of genera l  p r i n c i p l e s ,  and t h e  
t r a n s f e r  of g e n e r a l  approach o r  o r i e n t a t i o n  
t o  a s p e c i f i c  c l a s s  of problems (p. 258). 

I n  another  a r t i c l e ,  Ausubel (1963) argues t h a t  "discovery 

methods a r e  more r e l e v a n t  t o  c h i l d r e n  under twelve y e a r s  o ld  

than t o  o l d e r  p u p i l s  and t e r t i a r y  s tuden t s ,  s i n c e  the  l a t t e r  

can l e a r n  by meaningful r ecep t ion  l ea rn ing .  " (Ausubel def ined 

" recep t ion  l e a r n i n g w  as t h a t  i n  which " the  e n t i r e  content  .of 

what i s  t o  be l e a r n e d  is presented  t o  t h e  l e a r n e r  i n  f i n a l  

form.:") Shulman and T a m i r  (1973) s t a t e d  t h a t  a l though " i t  

has r epea ted ly  been noted t h a t  no f i r m  evidence i n  support  of 

the  s u p e r i o r i t y  of discovery l ea rn ing  e x i s t s " ,  t h e r e  a r e  

s t u d i e s  by people l i k e  Schwab and Bruner which advocated t h a t  

where t r a n s f e r a b l e  problem-solving s k i l l s  and a t t i t u d e s  a r e  

concerned, discovery l e a r n i n g  i s  s t i l l  a f r u i t f u l  so lu t ion .  

The Role of t h e  Teacher i n  Inqui ry  Teaching - 
The philosophy of teaching  science a s  a process  of 

inqui ry  demands of t h e  t eacher  a complete changeover i n  

teaching  s t r a t e g y  from the  t r a d i t i o n a l  t o  t h e  inqui ry  method, 



and has not been easy for the teacher. Teaching by the 

inquiry approach requires the teacher to make use of a wide 

range of behaviors in the classroom which involve the 

scientific processes; namely: identifying problems, making 

observations, asking questions, defining hypotheses, 

performing experiments, collecting and analyzing data, 

interpreting results, drawing conclusions, and making 

inferences (Lazarowitz, Baurfaldi and Huntsberger, 1978) . 
In the inquiry teaching process, the teacher's task is to 

help the students to identify problems which may be 

formulated by the teacher or may be given by the students 

themselves. Unlike the traditional approach, the students in 

inquiry learning solve the problems themselves. Another task 

of the teacher is to make available relevant materials which 

, are necessary for the studentst investigations. 

Question-asking is one of the most crucial aspectsof 

effective teaching,especially in inquiry teaching, because the 

kind of questions teachers ask is an indication of the 

quality of teaching that is going on and the levels of 

thinking that are being stimulated. Schreiber (1967) and 

Scott (1966) had found that there was a direct relationship 

between questioning and inquiry in teaching. Many teachers 

are not aware of the level of inquiry which questions elicit 

in'the student's mind (Ladd and Andersen, 1970). Francis 

(1971) also argued that open questions are valuable in helping 



t o  r a i s e  t h e  l e v e l  of p u p i l ' s  thought.  Inqui ry  teaching  

c a l l s  f o r  a high degree of s k i l l  i n  asking divergent  o r  

open-ended ques t ions .  However, Wright and Nuthal l  (1970) 

found convergen t ' ques t ions ,  n o t  divergent  ques t ions ,  t o  be 

r e l a t e d  t o  p u p i l  achievement. Ben S t r a s s e r ,  i n  a  p r e s e n t a t i o n  

a t  the  Nat ional  Science Teachers'  Associat ion Southwest 

Regional Conference (1965),  had the  fol lowing t o  say:  

The kinds of ques t ions  we use determine the  
k inds  of opera t ions  t h e  c h i l d r e n  w i l l  perform. 
The ques t ions  we use o u t l i n e  the  kinds of 
th ink ing ,  observing,  and o t h e r  behaving 
responses  of t h e  l e a r n e r s  f o r  which we, t h e i r  
t e a c h e r s ,  sea rch . . .  Do we ask only ques t ions  
which demand r e c a l l ? .  . . Do we a s k  only those 
ques t ions  which c a l l  f o r  our answers, . . .  o r  
do we ask  a v a r i e t y  of kinds of ques t ions  
which s t i m u l a t e  t h e  range of behaviors which 
we may r e a d i l y  i d e n t i f y  as aspec t s  of sc ienc ing  
i n  sc ience  educat ion? (F i sh  and Goldmark, 1966, 
pp. 13-14). 

Bruce (1971) s t r e s s e d  t h a t  t e a c h e r s  should he lp  c h i l d r e n  t o  

l e a r n  by developing t h e i r  l i s t e n i n g  and ques t ioning  s k i l l s .  

He a l s o  sugges ted  t h a t  t h e  t e a c h e r ' s  quest ion-asking a b i l i t y  

may be a f f e c t e d  by h i s  i n t e r e s t s ,  a t t i t u d e ,  academic back- 

ground and p e r s o n a l i t y .  

The r o l e s  of t h e  t eacher  i n  f o s t e r i n g  autonomous 

i n q u i r e r s  as d e l i n e a t e d  by Suchman a r e  t o :  

1, s t i m u l a t e  and chal lenge the  s tuden t s  t o  th ink ,  

2. ensure freedom of opera t ion ,  

3. provide support  f o r  inqu i ry ,  

4. diagnose d i f f i c u l t i e s  and h e l p  the  s tuden t s  t o  

overcome them, and 



5. identify and use the "teachable momentsv when new 

organizers can be introduced most effectively. 

Schwab (1963) in writing about the Biological Sciences 

Curriculum Study, which has "Science as Inquiryw as one of 

the nine themes around which laboratory experiences and 

content are integrated, suggested that: 

The essence of teaching science as inquiry 
would be to show some of the conclusions of 
science in the framework of the way they arise 
and are tested.. .  h he laboratory experienced 
are not illustrative but investigatory. They 
treat problems for which the text does not 
provide the answers. They create situations 
in which the student may participate in the 
inquiry (p. 40) . 

The degree of the teacher's direction in the classroom 

is the most important single difference between inquiry 

models. Silcock (1969) stated that: 

when the extent of teacher direction is slight 
the emphasis is usually on inquiry as a 
process and the traditional disciplines receive 
little attention. Where inquiry is more highly 
structured, inquiry skills tend to be less of 
an end in themselves than a step towards 
attainicg knowledge and developing concepts. 
Teacher directed inquiry is more likely to 
emphasize the role of the disciplines. It is 
suggested that inquiry models can be classified 
by placing them on a continuum from the most 
highly directed to one in which pupil inquiry 
receives little or no direction (p. 30). 

Azbell (1977) and Traugh (1974) gave teachers some guidelines 

for the activity-oriented teaching strategy. Students are 

to. be treated as investigators. The teacher should have a 

good overall plan with which to begin, for example, he 

Snould have the questions and selected learning activities 



for the children to conduct their investigations under the 

teacher's guidance rather than the teacher telling and testing 

the students.' Teachers should not expect every child to 

discover every concept, however, every child should 

experience some success in discovering some of the concepts. 

The teacher should see that means are provided to students to 

formulate and test hypotheses, and materials should not be of 

the close-up type. The teacher should help the students to 

realize that a problem can have a variety of solutions. 

Teachers are to be enthusiastic during the investigations 

and to show surprise and excitement when the children 

discover the answers to the problems. The teacher must be 

always flexible. 

Both Suchman and Dewey defined the teacher's role as a 

guide, assistant and resource person rather than the 

authority who engineered pupil learning experiences. The 

students are given maximal opportunity for exploration and 

trial-and-error experiences. Massialas and Cox (1966) 

favored a system of teaching in which the students receive 

much more guidance and direction from the teacher.. They 

even recommended that teachers have a much more controlling 

role. Gagne (1965) believed in carefully sequencing 

instructional experiences through maximum guidance so that 

the students can eventually master the principles of problem- 

solving. Taba (1967) suggested that the role of the teacher 

in inquiry teaching is to ask questions which "guide the 
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student's search and lift the levels of thought in order to 

master essential concepts." 

Several textbooks on science methodology have 

recommended inquiry teaching techniques for the teacher. 

Examples are textbooks by Romey (1968), Schwab (1963), 

Sund and Trowbridge (1973) and Voss and Brown (1968). Many of 

these teacher inquiry roles are identified by Steiner (1970, 

p. 19) as: 

Lecture very little, 
Allow and require students to participate in 
discussions and laboratory investigations. 
Encourage and require students to search for 
ideas and details in various books and journals. 
Have students identify their own problems, 
design experiments, collect and interpret data. 
Allow students time to discuss their experiments 
and ideas among themselves. 
Provide students just enough information so 
that they want to investigate a topic or an idea. 
Encourage students to carry out individual 
original investigations. 
Teach concepts rather than emphasizing isolated 
facts. 
Readily admit errors or when appropriate say, 
"I don't know, but let's find outl" 
During laboratory periods discuss problems 
related to the experiment with individuals or 
groups, question hypotheses, recommend 
modifications, ask pointed questions and 
praise work well done. 

Barnes (1966) and Kochendorfer (1966), from studies of 

writings on inquiry teaching and'materials of the new 

science curricula, identified sixty elements of teaching and 

fifty-three elements of teacher practices respectively. 

Good inquiry requires stern discipline, extensive 

background information and superior organization on the part 



of t h e  t eacher .  Every model of inqu i ry  teaching  can be 

c l a s s i f i e d  according t o  t h e  degree of teacher  d i r e c t i o n .  

There i s  nat one i n q u i r y  s t r a t e g y  model which i s  t h e  "bes t" .  

Each model of inqu i ry  teaching  has i t s  own mer i t s  f o r  

p a r t i c u l a r  s t u d e n t s  under p a r t i c u l a r  circumstances: 

Teaching P r a c t i c e s  of Teachers 

I n  t h i s  s e c t i o n ,  r e sea rch  f i n d i n g s  of teaching p r a c t i c e $  

i n  the  'classroom and l a b o r a t o r y  and which a r e  r e l e v a n t  t o  

t h i s  study a r e  presented .  

Whether o r  n o t  i n q u i r y  i s  an e f f e c t i v e  model f o r  c l a s s -  

room i n s t r u c t i o n  had been an i s s u e  i n  many research  e f f o r t s .  

Wilson and Koran (1976) a r e  of the  opinion t h a t  many of 

these  e f f o r t s  were in tended t o  demonstrate only t h a t  inqui ry  

per s e  - w a s  b e t t e r  than  o t h e r  methods.> However, Shulman (1966) 

and Hermann (1969) found t h a t  the  evidence provided by the  

var ious  s t u d i e s  remained g e n e r a l l y  con t rad ic to ry  and 

inconclusive.  Amos (1970) i n  h i s  study on t eachers '  opinions 

about t h e  importance of t h e  s c i e n t i f i c  method i n  biology 

courses ,  found t h a t  t e a c h e r s  s a w  a need t o  include the  

s c i e n t i f i c  method i n  t h e i r  teaching;  Whether t h e  t eachers  

ve rba l i ze  a d e f i n i t i o n  of sc ience  ( i n q u i r y )  o r  n o t ,  t h e i r  

p r a c t i c e s  should be connected t o  t h e i r  phi losophies  of 

teaching and of sc ience  ( i n q u i r y )  (Snyder, 1978). 

Most r e s e a r c h e r s  i n  sc ience  teaching  had s tud ied  the  

antecedents  and consequences of classroom behavior of t eachers  



and s tuden t s  r a t h e r  than  what t e a c h e r s  and s tuden t s  a c t u a l l y  

say and do i n  t h e  classroom. Rutherford (1964) commented 

t h a t  t h e r e  w a s  a l a r g e  gap between t eacher  p r a c t i c e s  and 

t h e i r  convic t ions  when we looked a t  what a c t u a l l y  took p lace  

i n  many, i f  n o t  most, classrooms and by the  kinds of t e s t s  

which t e a c h e r s  used., 

There a r e  very few s t u d i e s  on t eacher  behavior and 

a t t i t u d e  i n  sc ience  t each ing  and i n  p a r t i c u l a r  a t t i t u d e  

toward inqu i ry  s t r a t e g i e s .  However, enormous amount of 

r e sea rches  and w r i t i n g s  had been conducted and produced with 

regard  t o  a t t i t u d e  and behavior r e l a t i o n s h i p s  i n  s o c i a l  

psychology. For example, Wicker (1969) i n  h i s  review of 

empi r i ca l  r e sea rch  on a t t i t u d e - b e h a v i o r  r e l a t i o n s h i p s  c i t e d  

n o t  l e s s  than  t h i r t y  s t u d i e s .  He concluded i n  h i s  review 

t h a t  these  s t u d i e s  sugges t  t h a t  " i t  i s  more l i k e l y  t h a t  

a t t i t u d e s  w i l l  be u n r e l a t e d  o r  only s l i g h t l y  r e l a t e d  t o  

o v e r t  behaviors  than  t h a t  a t t i t u d e s  w i l l  be c lose ly  r e l a t e d  

t o  ac t ions . "  Insko and Schopler (1967) had suggested t h a t  

t h e r e  is  a p o s s i b i l i t y  t h a t  much evidence showing a  c l o s e  

r e l a t i o n s h i p  between a t t i t u d e s  and over t  behaviors has  been 

obtained but  never  publ i shed  because i n v e s t i g a t o r s  and 

journal  e d i t o r s  cons ide r  such f i n d i n g s  ' unexci t ing '  and ' n o t  

worthy of p u b l i c a t i o n ' .  

k s t i n  (1965) and Pace and Baird (1966) conducted s t u d i e s  

us ing  ques t ionna i res  t h a t  asked s tuden t s  f o r  t h e i r  percept ions  



of classroom procedures and behaviors.! They found t h a t  t h i s  

pe rcep tua l  approach has an advantage as it i s  d i r e c t l y  based 

on the  s tuden t s '  classroom experiences.  Barnes (1966),  

Ivany, Mullaney, Huegel, Faust and St rassenbury  (1973) and 

Kochendorfer (1966) i n  t h e i r  s t u d i e s  a l s o  made use of s tuden t s  

t o  i d e n t i f y  a c t u a l  labora tory  and classroom p r a c t i c e s  using 

t h e  Biology Laboratory A c t i v i t y  Check l i s t ,  t h e  Physics 

~ e a c h i n ~  Opinionaire ,  and t h e  Biology Classroom A c t i v i t y  

Checkl i s t  (BCAC) r e spec t ive ly .  L a t e r  Sanford (1977) and 

S t e i n e r  (1970) a l s o  used the  BCAC f o r  s t u d e n t s  t o  r e p o r t  

what the t e a c h e r s  d id  i n  high school  Biology c l a s s e s .  

Parakh (1968) '  i n  h i s  study on t eacher -pup i l  i n t e r a c t i o n  i n  

BSCS Yellow Version Biology c l a s s e s ,  found t h a t  the re  were 

d i f f e r e n c e s  between what the  t e a c h e r s  thought they d i d  o r  

s a i d  they d i d  and systematic  observed classroom behaviors.  

Parakh (1967) and Snider  (1966) r epor ted  t h a t  t eachers  

t a l k e d  about 75% of the  t o t a l  c l a s s  time i n  l e c t u r e -  

r e c i t a t i o n - d i s c u s s i o n  c l a s s e s  and about 50% of t h e  t o t a l  

c l a s s  time i n  l abora to ry  per iods  wi th  very l i t t l e  s tuden t  

inqu i ry .  

Many claims have been made f o r  the  use of t h e  labora tory  

t o  achieve t h e  ob jec t ives  of sc ience  teaching  p a r t i c u l a r l y  

t h a t  of developing inqui ry  s k i l l s  (Brandwein, Watson and 

Blackwood, 1958 ; Novak, 1963; and Sund and Trowbridge, 1973) : 

Shulman and T a m i r  (1973) were r i g h t  i n  asking  whether the  



l abora to ry  i s  carr:  
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u t  the  r o l e s  of inqu i ry  ef f ic ient12  

A s  Shulman and T a m i r  had repor ted ,  very l i t t l e  r e sea rch  

had been done wi th  r e s p e c t  t o  what i s  a c t u a l l y  t ak ing  p lace  

i n  t h e  classroom and l abora to ry  through t h e  d a i l y  t a s k s  and 

a c t i v i t i e s  of t h e  t eachers  and s t u d e n t s  r e s p e c t i v e l y .  I f  

accura te  information need t o  be obta ined  f o r  classroom 

happenings, Shulman and T a m i r  recommended t h a t  d i r e c t  

observa t ion  and sys temat ic  i n t e r a c t i o n  ana lyses  need t o  be 

c a r r i e d  ou t  t o  study t h e  t r a n s a c t i o n s  t h a t  occur.  

Though i n  r ecen t  y e a r s ,  sc ience  educators  and sc ience  

curr iculum developers have urged t h a t  s t u d e n t s  be a c t i v e l y  

involved i n  t h e  inqu i ry  processes ,  r e s e a r c h  shows t h a t  

s t u d e n t s  a r e  n o t  encouraged t o  i n i t i a t e  t h e i r  own inqu i ry  

(Winkeljohn, 1972) .  I n  sc ience  classrooms, t h e  textbook or  

t h e  t eacher  de f ines  the  problem and t h e  s t u d e n t s  do n o t  

genera te  ques t ions  on t h e i r  own. I n  the  new sc ience  

c u r r i c u l a ,  g r e a t  importance i s  a t t a c h e d  t o  t h e  processes  of 

sc ience  as an i n t e g r a l  p a r t  of sc ience  l e a r n i n g  and a s  a  

r e s u l t ,  t h e  emphasis i s  placed upon observat ion ,  making 

in fe rences  from d a t a  and formulat ing hypotheses r a t h e r  than 

simply a c q u i r i n g  and remembering information.  S tudies  by 

r e s e a r c h e r s  such as Gallagher  (1970) had shown t h a t  t h e r e  

was a  h igh  l e v e l  of d e s c r i p t i o n  and t e a c h e r  explanat ion i n  

sc ience  l e s s o n s  with l i t t l e  a t tempt  t o  eva lua te  o r  theor ize  

about observed d a t a  and other  sources of evidence. 



A study by Perkes (1967) on the teaching behaviors of teachers 

indicated that although junior high school teachers had 

access to the modern materials, their instructional styles 

placed strong emphasis on fact-finding and repeating 

information and there was hardly any emphasis on the skills 

of scientific inquiry. 

Atkin and Burnett (1969) referred to several studies 

which attempted to compare teaching by lecture-demonstrations 

and individual laboratory work and found that there were 

few differences in achievement.' Students who had worked with 

laboratory materials developed greater skills in laboratory 

techniques and procedures than those who had not (Horton, 

1952).' However, Schefler (1965) reported no statistically 

significant difference in students' gain in knowledge of 

facts and principles, understanding of science, or attitudes 

toward science when he compared two methods of teaching a 

unit of genetics, namely, by an inductive laboratory approach 

and a traditional lecture-illustrative approach. In the 

analysis of the laboratory manuals of the PSSC and BSCS 

courses, Herron (1971) revealed a shocking difference 

between the expressed intention of these courses and the 

manner in which students were expected to work in the 

laboratory. Probably there are many teachers who are using 

these curricular materials to dispense knowledge and using 

the laboratory for drilling and for verification. 



Summary 

The i n q u i r y  approach t o  teaching  and l ea rn ing  i s  

charac te r i zed  by s tudent -centered  r a t h e r  than teacher-  

centered  a c t i v i t i e s .  Through inqu i ry ,  which i s  the  g o a l  

common t o  t h e  v a r i o u s  sc ience  programs, the  s tuden t s  a r e  

t r a i n e d  t o  t h i n k  c r i t i c a l l y  and c r e a t i v e l y  and eventua l ly  

t o  l e a r n  on t h e i r  own. Although numerous researches  had 

been c a r r i e d  ou t  t o  s tudy the  r e l a t i o n s h i p s  between 

s tuden t  achievement and the  r e a c t i o n  t o  the  inqui ry  process ,  

and o t h e r  techniques  of i n s t r u c t i o n ,  t h e r e  i s  no conclusive 

evidence t h a t  i n q u i r y  i s  super io r .  Inqui ry  teaching does 

n o t  c o n s t i t u t e  a s i n g l e  method o r  s t y l e  of teaching but 

c o n s i s t s  of a number of d i f f e r e n t  methods depending on the  

amount of t e a c h e r  guidance g iven  i n  the  classroom.' This  

type of guided i n q u i r y  method i s  more e f f i c i e n t  f o r  s tuden t  

l e a r n i n g  though f r e e  inqu i ry  has  i t s  place,  to^ i n  the  sc ience  

classroom, The t e a c h e r ' s  favorable  a t t i t u d e  toward inqui ry  

i s  very important  if he i s  t o  play an e f f e c t i v e  r o l e  i n  

t h e  inqu i ry  t each ing- lea rn ing  process .  

S t u d i e s  i n  t h e  p a s t  have shown t h a t  a  wide gap e x i s t e d  

between t h e  t e a c h e r s s  convic t ions  and what the  t eachers  

a c t u a l l y  do i n  t h e  classroom. These s t u d i e s  have made use of 

t eachers  o r  s t u d e n t s  only t o  r e p o r t  on the  teaching behaviors 

of t eachers .  I n  t h e  review of l i t e r a t u r e ,  i t  was found t h a t  

t h e r e  i s  a pauc i ty  of r e sea rch  i n  the  s tudy of t h e  a c t i o n s  



and attitudes of science teachers particularly the attitudes 

toward inquiry as well as the relationships between teachers' 

perception and actual classroom teaching practices and 

students' perception of teaching practices. Very little 

research hhs been done with respect to what actually takes 

place in the science classrooms through direct observation 

and systematic interaction analyses. 



CHAPTER 111 
I 

METHOD AND PROCEDURES 

The main purpose of this study was to examine the 

attitudes junior secondary science teachers hold toward 

inquiry and to determine to what extent their attitudes 

toward inquiry correlate with their classroom practices. 

This chapter includes the selection of the sample, the 

description of the procedures, instruments and questionnaires 

used in the collection of the data and the data analysis. 

The Sample 

The sample in this study consisted of junior secondary 

(Grade 8 through Grade 10) science teachers from two school 

districts in the lower mainland of British Columbia in which 

the populations have a similar socioeconomic background. 

A list of all the junior secondary schools in the above 

two districts was obtained and from it, ten schools (five 

from each district) were randomly selected. The school boards 

of the two districts were approached by phone for permission 

to conduct research in their district. This was followed by 

a letter with an outline of the research proposal (see 

Appendix A) sent to the appropriate persons. 

Once approval was obtained from the school boards (see 

Appendix B), the principals and the science department heads 



of the  s e l e c t e d  schools  were contac ted  and a meeting was 

arranged f o r  t h e  r e sea rcher s  t o  meet with t h e  sc ience  

t eachers  o f e z h  school  t o  exp la in  t h e  purposes and t h e  

procedures t h a t  were involved i n  the  p r o j e c t .  The t eachers  

were t o l d  t h a t  t h e  p r o j e c t  was a 'multi-purpose undertaking'  

by two Simon F r a s e r  Univers i ty  educat ion f a c u l t y  members and 

t h r e e  graduate  s t u d e n t s  who were c o l l e c t i n g  da ta  f o r  t h e i r  

p a r t i c u l a r  a r e a s  of i n t e r e s t  and t h e  t eachers  were asked t o  
I 

p a r t i c i p a t e .  The time t o  e n t e r  t h e  schools  f o r  the  d a t a  

c o l l e c t i o n  w a s  agreed upon. Through t h i s  i n i t i a l  meeting 

with t h e  t e a c h e r s  r appor t  was e s t a b l i s h e d  between the  

members of t h e  r e sea rch  team and the  p a r t i c i p a t i n g  t eachers .  

From these  two school  d i s t r i c t s ,  twenty-two t eachers  from 

seven schoo l s  p a r t i c i p a t e d  i n  the  s tudy.  Eighteen of the  

t eachers  were observed between mid-April t o  e a r l y  June 1979 

and f o u r  of t h e  t e a c h e r s  were observed i n  Novernher 1979. The 

classeswere observed when the  t eachers  were ready t o  

p a r t i c i p a t e  .' 

Procedures f o r  Data Co l l ec t ion  

Many s t u d i e s  on teaching  p r a c t i c e s  made use of 

ins t ruments  o r  c h e c k l i s t s  which were answered by e i t h e r  the  

s t u d e n t s  o r  t h e  t eachers  themselves (Barnes, 1966; 

Kochendorfer, 1966; L inner t ,  1976; and S t e i n e r ,  1970). For 

t h i s  p a r t i c u l a r  s tudy,  the  i n v e s t i g a t o r  was i n t e r e s t e d  i n  

looking a t  t h e  a c t u a l  classroom p r a c t i c e s  of the  t eachers  a s  - 



wel l  a s  what they s a i d  and what t h e i r  s tuden t s  perceived 

them as t o  be doing. Medley and Mitze l  (1963) warned t h a t  

the presence of an observer  i n  the  classroom sometimes evokes 

a g r e a t  d e a l  of uneasiness  among the  t eachers ,  thus  r e s u l t i n g  

i n  a t y p i c a l  behavior o f  the  t eachers  and the  s tuden t s .  

One reason f o r  such a f e e l i n g  i s  t h a t  most classroom 

observat ions  t end  t o  be r e l a t e d  t o  teacher  evalua t ion .  

However, t h e  t e a c h e r s  were t o l d  t h a t  they would n o t  be 

evaluated and t h a t  they were t o  teach  as they would normally 

do, so  t h a t  t h e  teaching  observed w a s  t y p i c a l  of t h a t  

normally used by the  t eachers .  The t eachers  d id  no t  appear 

t o  be threa tened.  The choice of t h e  l e s sons  was l e f t  t o  t h e  

i n d i v i d u a l  p a r t i c i p a t i n g  t eachers .  

Each of t h e  p a r t i c i p a t i n g  t eacher  was given a  code 

number and w a s  observed t h r e e  t imes i n  t h r e e  d i f f e r e n t  

c l a s s e s  and i n  d i f f e r e n t  grades whenever poss ib le .  A l l  t h e  

l e s sons  were recorded on audio c a s s e t t e  t apes  f o r  l a t e r  

a n a l y s i s .  v ideotaping  w a s  p r e f e r r e d  over audio-taping 

a s  t h i s  medium would provide an opportuni ty f o r  viewing both 

v e r b a l  and non-verbal cues.I-bwever, audio t apes  were used to-hpe 

t h e  l e s sons  a t  t h e  r e q u e s t  of the  teachers .  Two microphones 

were s e t  up d iagonal ly  i n  the  classroom before the  s tuden t s  

en te red  t h e  c l a s s .  During the  l e s son ,  an observer sat q u i e t l y  

a t . t h e  back of t h e  classroom recording  the  non-verbal 

a c t i v i t i e s  and o t h e r  information such a s  the  use of overhead 

p r o j e c t o r ,  demonstration s l i d e s ,  blackboard work, teacher  



gestures, etcetera, which took place during the lessons and 

could not be picked up by the audio tapes. This helped to 

clarify any ambiguities when the lesson tapes were coded at 

a later date. The lessons which were audio-taped were full 

block lessons, and lessons which were occupied wholly by 

tests were not observed. The students of the classes observed 

were average students except those from three classes (called 

modified) who were below average students. The lessons 

observed seemed to be normal ones, and it was presumed that 

the presence of an observer, microphones and tape recorder 

did not affect the classroom behaviors significantly. 

After having observed and audio-taped the three science 

lessons of each teacher, a questionnaire on descriptive data, 

such as teaching experiences and academic background, attitude 

toward inquiry teaching strategy and the actual teaching 

practices as perceived by the teacher himself, was given to 

each of the participating teachers (see Appendix C). 

Following the audio-taping of the lessons, the 

researchers returned to the classes on a separate occasion 

to administer the student questionnaire (Appendix D). Only 

those classes which were observed were given the student 

questionnaire. In some cases, it was not possible to observe 

three different classes of a particular teacher because he 

taught only one or two classes of science. All the same, 

three of his science teaching lessons were audio-taped, but 

the student questionnaire was administered only once to the 



same class. Since all the answers from the teachers and 

students were treated as confidential, no names were recorded 

on the questionnaires so that individual student, teacher 

and school were unidentifiable. The schools and teachers 

were given code numbers for identification by the 

investigator. 

Instruments Used to Gather Data 

Data for this study were obtained from the audio taped 

lessons, classroom observations, the teacher questionnaire 

and the student questionnaire. The final versions of the 

teacher and student questionnaires, shown in Appendix C and 

Appendix D respectively, include the questions of the other 

members of the research project team. However, items in the 

questionnaires which are of interest to this particular 

study are marked by an asterisk (*).  

Part A of the teacher questionnaire is essentially the 

Inquiry Science Teaching Strategy (ISTS) instrument which is 

the only instrument found that measures the attitude toward 

inquiry strategies of secondary science teaching. This 

instrument, which was developed by R. Lazarowitz ( l 9 7 3 ) ,  is 

a Likert-type surnrnated rating scale consisting of forty 

statements used to sample particularly secondary science 

teachers' attitudes toward inquiry teaching. The ISTS 

instrument has a five-point scale in which a subject responds 

I 1  strongly agree': "agree'', 'bndecided': "disagree" or 'ktrongly 



disagree8'to the items. It requires twelve to fifteen minutes 

to complete and is easily scored. The score on the instrument 

serves as an indicator of the teacher's attitude toward 

inquiry. The ISTS items are related to the behavior of the 

secondary science teachers in the classroom, the activity of 

the students in the classroom and at laboratory work, the 

characteristics and methodology employed by secondary science 

teachers to present their lessons, and the characteristics of 

science textbooks. Twenty of the forty items are favorable 

toward inquiry and twenty are negatively stated. The 

instrument has a Cronbach alpha reliability of 0.80 when 

computed for 735 secondary science teachers (Lazarowitz, 

1973, p. 67). The ISTS instrument was administered to 

twenty-nine teachers in British Columbia before this actual 

study took place and a Cronbach alpha reliability of 0.82 

was obtained. The ISTS instrument has construct validity 

which was established by comparing the mean scores of the 

attitude scale for four known groups of people with known 

attitude characteristics (Lazarowitz, 1973, pp. 6 2 - 6 3 ) ;  

Part B of the Teacher Questionnaire gives data 

regarding the teacher's background training and teaching 

experience, while Part C deals with classroom instruction. 

Self-reporting information regarding teaching practices 

the teacher perceived himself/herself using in class was 

obtained from Part E of the Teacher Questionnaire. This 



section consists of forty items similar to the attitude 

items in Part A, but with the item order reshuffled. 

The Student Questionnaire (see Appendix D) is a parallel 

form of the Teacher Questionnaire. Only questions 1 and 2 are 

relevant to this particular study. Question 1 is similar to 

Part C of the Teacher Questionnaire and deals with classroom 

instruction. Question 2 in the Student Questionnaire consists' 

of 22 ?terns from Part A of the Teacher Questionnaire with 

minor alterations made to the wording. Data from the students1 

perception of classroom practices and experiences helped the 

investigator to compare what the students said and what the 

teacher said happened in his/her classroom. The Student 

Questionnaire takes fifteen to twenty minutes to complete. 

The numbers for the Teacher Perception items (Part E 

of the Teacher ~uestionnaire) and the numbers for the Student 

Perception items (~uestion 2 of the Student ~uestionnaire) 

which correspond to the numbers of the ISTS instrument 

items (Part A of the Teacher Questionnaire) are shown in 

Appendix E., 

Analysis of the Data 

The Science Teaching Observation Schedule (STOS) 

Several systems for the observation of classroom 

interaction were considered for the coding of the lesson 

tabes and the Science Teaching Observation Schedule was 

found to be the most appropriate for this study as it deals 

with the processes of science which are an integral part of 



science learned in schools. See Appendix F for the schedule. 

The STOS which was developed by Eggleston, Galton and Jones 

(1975), for example, classifies teachers1 questions not in 

terms of their inferred intent but on the basis of the thought 

processes elicited in the students, thus enabling the 

observer to record precisely a selection of intellectual 

transactions that take place between students and teachers 

and between students and students in science lessons whether 

the main component is theoretical or laboratory-based work. 

The schedule has been designed for use by observers present 

at the lesson as it takes placq or it may also be used to 

classify teacher-student interaction as transcribed from 

audio tapes or videotapes (Eggleston et al, 1975, p. 18). 

Method of Coding the STOS - 

The STOS coding sheet in Appendix F shows the twenty- 

three subcategories grouped into the five main categories. 

The whole period of observation is divided into time-sampling 

units of three minutes duration. Whenever a particular 

behavior which was specified in the STOS had occurred, a 

tick was placed in that particular subcategory. Only one 

tick was made in a cell in a time unit no matter how frequent 

that behavior occurred during that time-sampling unit. Any 

number of the twenty-three classified behaviors may be ticked 

in. any one time-sampling unit. This gave the frequency count 

for any particular behavior. At the end of the coding of each 

lesson tape, the number of ticks in each subcategory was 



summed up and expressed as a percentage of the  t o t a l  number 

of t i c k s  i n  a l l  t h e  subcategor ies .  

Establishment of Coding Consistency 

P r i o r  t o  the  coding of t h e  audio t a p e s ,  t r a i n i n g  i n  

t h e  use of t h e  STOS w a s  undertaken with another  graduate  

s tuden t .  A f t e r  s tudying t h e  manual and memorizing t h e  23 

subca tegor ies  of the  STOS, both t h e  graduate  s tuden t  and the  

i n v e s t i g a t o r  coded f i v e  l e s s o n  t a p e s  toge the r .  The t a p e s  

were stopped whenever t h e r e  w a s  doubt as t o  which subcategory 

a p a r t i c u l a r  t r a n s a c t i o n  between t e a c h e r  and s tudent  was t o  

be placed.  It w a s  only a f t e r  t h e  doubt was c l ea red  and t h e  

subcategory agreed upon t h a t  t h e  coding w a s  continued. 

The coding of a l l  t h e  l e s s o n  t apes  was done by the  

i n v e s t i g a t o r .  Though t h i s  e l imina ted  the  problem of i n t e r -  

observer  agreement, McGaw, Wardrop and Bunda (1972),  i n  t h e i r  

review of classroom observat ion  schemes, poin ted  out the  

e f f e c t  of observer  o r  coder b i a s  when one observer or  coder 

was being used. Thus, f o u r  o t h e r  randomly s e l e c t e d  t apes  

were coded independently by t h e  same graduate  s tudent  ( G I )  

and the  i n v e s t i g a t o r  ( I )  and t h e  percentage agreement a r e  

shown i n  Table 1. I n  a d d i t i o n ,  another  t ape  was randomly 

s e l e c t e d  and a sc ience  educator  (S )  and a  second graduate 

s tuden t  ( ~ 2 )  coded the  tape independently a f t e r  they had 

gone through t h e  STOS manual. Both t h e  sc ience  educator and 

t h e  second graduate  s tudent  were n o t  t r a i n e d .  The var ious  

percentage agreement a r e  shown i n  Table 2. 



Table 1 

Percentage agreement of coding between GI and I (trained) 

Tape Number % agreement 

Table 2 

Percentage agreement of coding 

S, G2 and I (untrained) 

between 

Coders % agreement 

I and G2 

I and S 

S and G2 



I n  o rde r  t o  check f o r  the s t a b i l i t y  of the  coding by 

the  i n v e s t i g a t o r ,  a f t e r  a l l  the  65 l e s son  t apes  (one of the  

t apes  w a s  n o t  coded because the  l e s son  w a s  a filmshow) were 

coded, two of t h e  coded t apes  were randomly s e l e c t e d  and 

recoded by t h e  i n v e s t i g a t o r  and the  percentage agreement w a s  

found t o  be 91.3% and 94.4%. 

Derivat ion of t h e  ISTS Subscales  - 

S p e c i f i c a l l y ,  t h i s  study was concerned with the  r e l a t i o n -  

s h i p  between t h e  a t t i t u d e  of junior  secondary sc ience  

t eachers  toward inqu i ry  and t h e  degree t o  which t h e i r  

teaching  p r a c t i c e s  were d i r e c t e d  toward inqu i ry  through 

measures of observed teaching  p r a c t i c e s ,  t h e  t eachers '  own 

percept ion  and t h e  s t u d e n t s '  percept ion  of t h e i r  t eachers '  

classroom teach ing .  

The responses  of the  51 t eachers  (29 t eachers  who 

responded t o  t h e  ISTS instrument before t h e  a c t u a l  s tudy and 

t h e  22 t e a c h e r s  i n  t h e  a c t u a l  s tudy)  were subjec ted  t o  f a c t o r  

.ana lys is .  Th i s  w a s  done i n  order  t o  reduce the  ISTS items 

t o  a more l i m i t e d  number of subsca les .  The r e s u l t i n g  f i v e  

d i s t i n c t  f a c t o r s  wi th  t h e i r  i tems and r e l i a b i l i t y  a r e  i n  

Appendix G. These f i v e  s i g n i f i c a n t  f a c t o r s  which formed the  

a t t i t u d e  s u b s c a l e s  were l a b e l l e d :  A - Need f o r  S t r u c t u r e  

(5 i t ems) ,  B -The Student  a s  I n q u i r e r  ( 5  i t e m s ) ,  C -  

I n s t r u c t i o n a l  I n f l e x i b i l i t y  (3  i t e m s ) ,  D - Laboratory Follow- 

up (3  i t ems)  and E - Process S k i l l  ( 4  i t ems) .  Items of 



t he  At t i tude  Subscales  B, D and E a r e  favorable  toward inqu i ry  

and items of Subsca les  A and C a r e  negat ive s ta tements  toward 

inquiry.  I tems which a r e  favorable  toward inqui ry  were scored 

5,  4 ,  3, 2  and 1 and items which a r e  negat ive s ta tements  

toward inqu i ry  were scored 1, 2, 3, 4 and 5 f o r  s t r o n g l y  agree ,  

agree,  undecided, d i sagree  and s t rong ly  disagree.  I tems which 

were l e f t  blank were coded as means over a l l  s u b j e c t s  f o r  t h a t  

item. T.he score  f o r  each subsca le  was obtained by summing the  

scores  of a l l  t h e  i tems i n  each subscale .  The Teacher 

Percept ion Subscales  were der ived  from the  At t i tude  (ISTS) 

Subscales by grouping t h e  corresponding i tems i n  P a r t  E of 

the  Teacher Ques t ionna i re .  The i tem numbers of P a r t  E (Teacher 

Ques t ionna i re )  and t h e  i tem numbers of Ques t ion  2 (Student  

Ques t ionna i re )  which correspond t o  the  At t i tude  Subscale 

i tem numbers a r e  shown i n  Table 3. 

The r e l a t i o n s h i p s  between the  t e a c h e r s v  a t t i t u d e s  

toward inqu i ry  and t h e i r  teaching  p r a c t i c e s  were determined 

by computing Pearson product-moment c o r r e l a t i o n  f o r  t h e  

teachers '  a t t i t u d e s  toward- inqu i ry  with t h r e e  measures of 

t h e i r  teaching  p r a c t i c e s .  The t h r e e  measures of teaching  

p r a c t i c e s  were from t h e  l e s son  t apes ,  from the t e a c h e r s f  

percept ion  of t h e i r  teaching  p r a c t i c e s ,  and from t h e  s tuden t s '  

r epor t s .  Table 4 i s  a summary of t h e  procedures f o r  the  

co , r r e l a t iona l  a n a l y s i s  t h a t  w a s  c a r r i e d  out .  



Table 3 

Corresponding subscale item numbers in ISTS (~ttitude ) , 
Part E of Teacher Questionnaire (Teacher perception), and 
Question 2 of Student Questionnaire (Student perception) 

Subscales 
Item Nos. 

- 

ISTS Part E Question 2 

A Need for Structure 

B The Student as Inquirer 1 
11 
13 
20 
30 

C Instructional Inflexibility 4 
5 

1 2  

. D Laboratory Follow-up 8 
11 
19 

E Process Skill 
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CHAPTER IV 

RESULTS 

This chap te r  r e p o r t s  the  r e s u l t s  of t h e  s tudy.  The 

responses of t h e  twenty-two t e a c h e r s  t o  t h e  ISTS (At t i tude  

toward i n q u i r y )  instrument  w i l l  be p resen ted  f i r s t  and then  

t h e  r e s u l t s  of t h e  c o r r e l a t i o n a l  a n a l y s i s  w i l l  be r epor ted  

i n  terms of t h e  s p e c i f i c  ques t ions  asked i n  Chapter I. 

A t t i t u d e s  of  j u n i o r s e c o n d a r y  sc ience  t eachers  toward inqu i ry  

The responses  of the  junior  secondary sc ience  t eachers  

t o  the  ISTS instrument  provided an i n d i c a t i o n  of t h e  teachers1  

a t t i t u d e s  toward s p e c i f i c  a s p e c t s  of inqu i ry  s t r a t e g i e s .  

The o v e r a l l  mean f o r  a l l  i tems f o r  t h e  twenty-two t e a c h e r s  

was 3.56, s t andard  dev ia t ion  = 0.3516 and var iance  = 0.1237 

(compared t o  t h e  o v e r a l l  mean of 3.58 f o r  t h e  735 secondary 

sc ience  t e a c h e r s  i n  Lazarowi tz ls  (1973) s t u d y ) .  -It i s  more 

' r e l evan t  and of  i n t e r e s t  t o  look a t  t h e  p a t t e r n  of responses 

of the  t e a c h e r s  r a t h e r  than a t  the  t o t a l  scores .  A breakdown 

of the  twenty-two t eachers1  responses of s t rong ly  agree (sA), 

agree ( A ) ,  undecided ( u ) ,  d isagree  ( D )  and s t rong ly  d isagree  

(SD) t o  each of t h e  ISTS i tems i s  l i s t e d  i n  Appendix H. 

More t h a n  two- th i rds  of the t eachers  i n  the  sample 

responded e i t h e r  t o  s t rong ly  agree o r  agree t o  i tems 1, 3, 8, 

10, 11, 12, 13, 14, 17, 19, 20, 22, 23, 26, 29, 30, 34 and 
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40. A l l  t h e s e  i tems,  except  i tems 1 2  and 17, a r e  s ta tements  

present ing  a favorable  pe r spec t ive  toward inqu i ry .  S t ronges t  

agreement occurred on f i v e  i tems f o r  which the  response 

p a t t e r n  w a s  100% f o r  SA o r  A,  thus  i n d i c a t i n g  a  favorable  

a t t i t u d e  toward inqu i ry .  These included: 

If unexpected r e s u l t s  a r e  obtained,  they should be 
inc luded i n  t h e  a n a l y s i s  of the  l abora to ry  work. 

A secondary sc ience  course should have l abora to ry  
experiments i n t e g r a t e d  with the  t e x t  m a t e r i a l s .  

One of t h e  r o l e s  of t h e  classroom teacher  is  t o  
p r e s e n t  l e a r n i n g  s i t u a t i o n s  i n  such a way t h a t  
s t u d e n t s  w i l l  r a i s e  ques t ions .  

I n  a sc ience  course s tuden t s  should develop s k i l l  
i n  i n t e r p r e t i n g  da ta .  

I n  sc ience  c l a s s  s t u d e n t s  should l e a r n  t o  make 
c a r e f u l  and r e l e v a n t  observations. '  

t h e  tw.enty ISTS i tems which a r e  unfavorable towards 

inqui ry ,  only i tems 28 and 37 e l i c i t e d  responses of D o r  SD 

from more than  two- th i rds  of the  t eachers  i n  the  sample 

i n d i c a t i n g  a favorable  a t t i t u d e  toward inqui ry .  These two 

items a r e :  

28.j A sc ience  t e a c h e r  should prevent  h i s  s tuden t s  
from t r y i n g  t o  c r i t i q u e  s c i e n t i f i c  m a t e r i a l  
before  they  master it.' 

37.' Experimental  r e s u l t s  t h a t  d i f f e r  g r e a t l y  from 
what i s  expected should no t  be consiciered. 

From t h i s  p o i n t  on, t h e  t eachers '  responses t o  the  

i tems i n  each of t h e  A t t i t u d e  subsca les  w i l l  be repor ted .  

Table 5 g i v e s  t h e  choice d i s t r i b u t i o n  of the  twenty-two 

t eachers '  responses  t o  t h e  Subscale A i tems.  These i tems 



Table 5 

Choice distribution of teachers' responses 

to items in Attitude Subscale A 

Items SA A U D SD Blank 

12. In an investigation students 9 
should know from the 
beginning the steps they 
will perform 

17.At the end of an experiment 5 
the science teacher- should 
analyze the results to help 
students understand them 

Students will perform 3 
experiments successfully 
when the teacher presents 
an overall explanation of 
the subject to be 
investigated. 

By presenting an acceptable 1 
rule to students the teacher 
avoids the risk of having 
them arrive at an incorrect 
one .' 

In general, it is not 1 
practical for students to 
test their own hypotheses. 



53 

describe the need for teacher direction which diminishes 

student activity. Such strategy is contrary to inquiry 

teaching which enhances the formulation of problems, 

designing of experiments, and interpretation and analysis 

of data by the students themselves. More than two-thirds 

of the teachers responded SA or A to items 12 and 17, 

indicating unfavorable attitude toward inquiry. The responses 

for the other three items in this subscalewere more or less 

balanced on both sides of the undecided column. Thus. the 

junior secondary science teachers .were in favor of 

dominating the classroom teaching process. 

The items of Subscale B and the distribution of the 

teacherst responses are in Table 6. More than two-thirds 

of the teachers in the sample responded strongly agree 

or agree to all the Subscale B items, indicating a 

favorable attitude toward inquiry. 

Subscale C items deal with instructional inflexibility 

which is opposed to inquiry teaching. The inquiry-oriented 

teacher must be flexible. The teachersv responses to the 

Subscale C items are shown in Table 7. Item 4 does not 

encourage thinking. Inquiry teaching requires the teacher 

to be receptive to any answer given by the students, and to 

guide the students to think critically. Seventeen teachers 

responded strongly agree or agree to Item 12, thus 

indicating an unfavorable attitude toward inquiry. 



Table 6 

Choice distribution of teachers' responses 

to items in Attitude Subscale B 

Items SA A U D SD Blank 

1. A, science teacher should 13 7 1 
encourage students to 
critically analyze their 
own conclusions. 

11.' Conflicting data can lead 9 11 2 
to a useful post-laboratory 
 discussion.^ 

13. It is desirable to present 8 9 2 3 
to students science 
questions to which answers 
are not necessarily known. 

20. One of the roles of the 10 12 
classroom teacher is to 
present learning situations 
in such a way that students 
will raise questions. 

30.' Unexpected results should 10 11 1 
be considered as part of 
the laboratory work.' 



Table 7 

Choice distribution of teachers' responses 

to items in Attitude Subscale C 

Items SA A U D SD 

4. A science teacher should 8 2 12 
immediately correct a wrong 
answer given by a student. 

5.: Experimental results which 3 4 6 6  
cannot be interpreted show 

3 

that the experiment is not 
appropriate for seco~dary 
science course. 

12. In an investigation students 9 8 5  
should know from the 
beginning the steps they 
will perform. 



Subscale D i tems i n  Table 8 have t o  do with t h e  

open-endedness of experimental  work, involving d i scuss ions  

and developing of t h i n k i n g  i n  t h e  s tuden t s .  A l l  t h e  i tems 

i n  t h i s  subsca le  e l i c i t e d  more than  two-thirds  of t h e  

t eachers  i n  t h e  sample t o  respond s t rong ly  agree o r  agree ,  

i n d i c a t i n g  a favorab le  a t t i t u d e  toward inqui ry .  I n  inqu i ry  

teaching,  s t u d e n t s  should be encouraged t o  seek information 

f o r  themselves a f t e r  and even during the  lesson.  

A l l  t h e  i tems of Subscale & i n  Table 9 , a r e  concsrned 

with the  development of process  s k i l l s .  More than two- th i rds  

of the t e a c h e r s  responded s t r o n g l y  agree o r  agree t o  these  

i tems,  i n d i c a t i n g  a  favorable  a t t i t u d e  toward inqui ry .  

Science t each ing  through inqu i ry  should emphasize process  

s k i l l  development . $  

Teachers' a t t i t u d e  toward inqu i ry  and a c t u a l  classroom - 
p r a c t i c e s  

The r e l a t i o n s h i p  between t eachers '  a t t i t u d e  toward 

inqui ry  and t e a c h e r  classroom p r a c t i c e s  a s  obtained from 

the  lesson t a p e s  w a s  determined by c o r r e l a t i n g  the  scores  

on each subsca les  of the  ISTS instrument  with the  subsca le  

scores  on t h e  STOS. From the  STOS, t h e  types  of ques t ions  

t h a t  t eachers  asked were c l a s s i f i e d  a s  low inquiry ques t ions  

and ques t ions  which promote inqui ry .  Subcategories a1 and 

a2  i n  the  STOS (Appendix F) a r e  ques t ions  which demand 

r e c a l l  of f a c t s  and information,  and the  a p p l i c a t i o n  of 

learned  f a c t s  and p r i n c i p l e s  t o  so lve  problems respec t ive ly .  



Table 8 

Choice distribution of teachersv responses 

30 items in Attitude Subscale D 

Items 

8.1 If unexpected results are 12 10 
obtained, they should be 
included in the analysis of 
the laboratory work. 

11. Conflicting data can lead to 9 I1 2 
a useful post-laboratory 
discussion. 

19, Scientific journals and 
reference books should be 
available for students to 
use while performing 
experiments. 

Table 9 

Choice distribution of teachers' responses 

to items in Attitude Subscale E 

Items 

. 22.' In a science course students 10 12 
should develop skills in 
interpreting data.' 

30.7 Unexpected results should be 10 11 1 
considered as part of the 
laboratory work. 

34.1 In science class students 13 9 
should learn to make careful 
and relevant observations .' 

40. Differences in data can lead 5 13 3 1 
to the proposal of alternative 
procedures in laboratory work.' 



They are grouped together as low inquiry questions. Such 

questions have a limited number of responses, thus allowing 

students little apportunity to think critically. In order 

to promote inquiry, teachers should ask more questions 

which require students to hypothesize and speculate 

(Subcategory a3), and to design their own experiments (a4). 

There should be more observational questions because 

observation is vital to inquiry and concept formation (a5), 

and questions which deal with explanation and understanding 

of information (a6 and a7). Hence Subcategories a3, a4, a5, 

a6 and a7 are grouped together as high inquiry questions. 

Such questions involve the studentsin thinking critically 

and creatively. 

A major theme in classroom interaction analysis since 

Flanders' (1965) work on classroom behavior is the amount 

of teacher talk and student talk. If teaching consists of 

teacher telling most of the time, then there is little 

student inquiry in the learning process. From the STOS it 

is possible to obtain the amount of teacher-dominated 

transactions (Categories a, b ,and c) and student-initiated 

talk or activities (Categories d and e) in the classr~om.~ 

The frequency of use of the various subcategories is 

shown in Appendix 1.1 

Pearson product-moment correlation coefficients of the 

five Attitude Subscale scores and the four STOS Subscale 

scores are reported in Table 10. 
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None of t h e  c o r r e l a t i o n  c o e f f i c i e n t s  a r e  s i g n i f i c a n t  a t  the  

.05 l e v e l  of confidence. '  This  f ind ing  i n d i c a t e s  t h a t  t h e r e  

i s  no r e l a t i o n s h i p  between the  t eachers1  a t t i t u d e  toward 

inquiry and what they  a c t u a l l y  do i n  t h e i r  teaching p r a c t i c e s  

a s  def ined by t h e  k inds  of ques t ions  they asked i n  t h e  

classroom and t h e  amount of t eacher  t a l k  and s tuden t  t a l k .  

Teachers' a t t i t u d e  toward i n a u i r y  and t eachers '  pe rcep t ion  

of t h e i k  t each ing  p r a c t i c e s  - 

The s c o r e s  on each At t i tude  subscale  of the  twenty-two 

t eachers  were c o r r e l a t e d  with the  scores  on each Teacher 

Percept ion subsca le  and the  c o r r e l a t i o n  c o e f f i c i e n t s  a r e  

shown i n  Table 11. From t h i s  Table 11, the  p o s i t i v e  and 

r e l a t i v e l y  high c o r r e l a t i o n  c o e f f i c i e n t s  of 0.41, 0.68, 

0.72, 0.66 and 0,?0 which a r e  s i g n i f i c a n t  beyond the  .05 

l e v e l  of confidence i n d i c a t e  t h a t  t h e r e  i s  a r e l a t i o n s h i p  

between what t h e  t e a c h e r s  be l i eve  themselves t o  be doing 

and t h e i r  a t t i t u d e  toward inqu i ry .  

Teacher a t t i t u d e  toward inqu i ry  and s tudent  percept ion  of 

classroom p r a c t i c e s  

The mean s c o r e s  of each of t h e  corresponding s t u d e n t  

i tems ( Q u e s t i o n  2 of the  Student  ~ u e s t i o n n a i r e )  f o r  each 

teacher  were c o r r e l a t e d  with the  teacher  scores  on t h e  

At t i tude  subsca les  and the  c o r r e l a t i o n  c o e f f i c i e n t s  a r e  

presented  i n  Table 12.' 

Student  Items 6,' 9, 14 and 1 9  correspond t o  f o u r  of 
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t h e  ISTS i tems of t h e  A t t i t u d e  Subscale A ,  Student  Items 

1 and 7 correspond t o  two i tems of t h e  A t t i t u d e  Subscale B, 

Student  Items 3  and 6 correspond t o  two i tems o f  Subscale C ,  

Student  Item 10 corresponds t o  t h e  A t t i t u d e  Subscale D, and 

Student  Item 12 and 18 correspond t o  i tems 22 and 34 

r e s p e c t i v e l y  i n  Subscale E. None of the  Student  Items 

c o r r e l a t e d  s i g n i f i c a n t l y  beyond t h e  . : O j  l e v e l  with t h e i r  

corresponding A t t i t u d e  subsca les  sugges t ing  t h a t  t h e r e  i s  no 

r e l a t i o n s h i p  whatsoever between t h e  t eachers '  a t t i t u d e  

toward i n q u i r y  and t h e  s t u d e n t s v  pe rcep t ion  of t h e i r  

t e a c h e r s v  teaching  p r a c t i c e s .  However, on t h e  b a s i s  of the  

r e s u l t s  r e p o r t e d  i n  Table 1 2 ,  f o u r  of t h e  c o r r e l a t i o n  

c o e f f i c i e n t s ,  i . e .  0.'48, 0.45, 0.34 and 0.38, a r e  s i g n i f i c a n t  

beyond t h e  .'05 l e v e l  of confidence.  The d i scuss ion  t u r n s  t o  

an account of t h e  t h r e e  Student  Items,'  The t e a c h e r s r  

a t t i t u d e  toward i n s t r u c t i o n a l  i n f l e x i b i l i t y  c o r r e l a t e d  

p o s i t i v e l y  with the  fol lowing Student  Items: 

7. I n  sc ience  c l a s s  we sometimes d i scuss  ques t ions  
t o  which s c i e n t i s t s  do n o t  y e t  know t h e  answers. 

10.1 S c i e n t i f i c  journals  and re fe rence  books a r e  
a v a i l a b l e  i n  t h e  l abora to ry  f o r  me t o  use while 
I perform my experiment. 

Also the  t eachers1  a t t i t u d e  toward post-experimental  a n a l y s i s  

has  a p o s i t i v e  c o r r e l a t i o n  wi th  t h e  fol lowing Student  Item: 

12. M y  sc ience  t eacher  he lps  me t o  develop s k i l l  i n  
i n t e r p r e t i n g  da ta .  

On f u r t h e r  examination of the  Student  Items, i t  could be 

t h a t  i n  a c o r r e l a t i o n  matr ix  of t h i s  s i z e  with f i f t y  



correlation coefficients, two to three of these significant 

coefficients could have occurred by chance. 

Teachers' perception of teach- practices and the actual 

observed behaviors 

Pearson correlation coefficients were computed for the 

five Teacher Perception (part E of the Teacher ~uestionnaire) 

Subscales scores and the four STOS Subscales scores. Only 

two correlation coefficients were significant and are shown 

in Table 13. There is a significant correlation beyond the 

.05 level of confidence between the teachers' perception 

toward instructional inflexibility and the types of questions 

asked by the teacher, namely, (1) low inquiry questions or 

questions that demand the recall and application of facts 

and principles, and (2) questions that promote inquiry. The 

negative correlation coefficients between the Teacher 

Perception Subscale C and both subscales for low inquiry and 

high inquiry questions suggest that teachers who scored high 

in the Teacher Perception Subscale C scored low in the low 

'inquiry questions and low in the high inquiry questions 

subscales. 

Teachem'perception of classroom practices and students' 

perception of teaching practices 

Scores on the Teacher Perception Subscales and the mean 

scores of the corresponding Student Items were computed for 

Pearson correlation coefficients. The coefficients are 

shown in Table 14. Student Item 12 is the item equivalent 
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of the  Teacher Percept ion  i tem 22 which f a l l s  i n  Subscale 

E. This i tem g i v e s  a s i g n i f i c a n t  c o r r e l a t i o n  c o e f f i c i e n t  

of 0.38 with the  Teacher Percept ion  Subscale E. Thus t h e r e  

i s  consis tency between what t h e  t e a c h e r s  s a i d  and the  s t u d e n t s  

r epor ted  regarding  t h e  teaching  of process  s k i l l s  i n  the  

classroom. 

F i n a l l y ,  t h e  s t u d e n t s *  mean s c o r e s  were obtained f o r  

each i tem i n  Ques t ion  1 of t h e  Student  Ques t ionna i re ,  and 

these  mean scores  f o r  each t eacher  were computed with the  

t eachers '  s co res  t o  P a r t  C i tems i n  t h e  Teacher 

Ques t ionna i re .  Pearson c o r r e l a t i o n  c o e f f i c i e n t s  a re  r epor ted  

i n  Table 15. I n  Table 15, out  of t h e  n ine  c o r r e l a t i o n  

c o e f f i c i e n t s  which were underl ined,  only t h r e e  a r e  

s i g n i f i c a n t  beyond t h e  .O1 l e v e l  of confidence.  These th ree  

c o e f f i c i e n t s  r e v e a l  a consis tency between t h e  s tuden t s '  

percept ion  and t h e  t eachers '  pe rcep t ion  regarding  t h e  

following: 

a. L i s t en ing  t o  l e c t u r e s  o r  watching demonstration 

(Cor re la t ion  c o e f f i c i e n t  of 0.72). 

d .  Working on l abora to ry  e x c e r c i s e s  when i n s t r u c t i o n s  

a r e  provided (Cor re la t ion  c o e f f i c i e n t  of 0 . 5 4 ) .  

h. Engaging i n  r o l e  p laying  ( C o r r e l a t i o n  c o e f f i c i e n t  

of 0.67). 

The f i r s t  two items a r e  non-inquiry,  while t h e  t h i r d  i tem 

i s  inqui ry  o r i en ted .  Contrary t o  inqu i ry  teaching ,  t h e  

t eachers  i n  t h i s  s tudy l e c t u r e d a  g r e a t  deaL I n  l abora to ry  work, 
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s tuden t s  were g iven  i n s t r u c t i o n s  t o  follow. The mean score  

f o r  s tuden t  i tem i (working on l abora to ry  assignments f o r  

which s t u d e n t s  design the  procedures)  c o r r e l a t e d  r e l a t i v e l y  

high (0.71) wi th  the  t eacher  score  f o r  i tem c  (working i n  

groups o t h e r  than  l a b s .  ) . I n  an inqui ry-or iented  l e s son ,  

these  two s t r a t e g i e s  would be used t o  a g r e a t  e x t e n t .  

The mean s c o r e s  f o r  s t u d e n t  i tem b  when c o r r e l a t e d  wi th  the  

teacher  score  f o r  i tem a, a s i g n i f i c a n t  c o r r e l a t i o n  

c o e f f i c i e n t  of -0.48 w a s  obtained.  The mean scores  f o r  

s tudent  i tem a when c o r r e l a t e d  with the t eacher  score  f o r  

i tem b, a  s i g n i f i c a n t  c o r r e l a t i o n  c o e f f i c i e n t  of -0.41 w a s  

obtained.; This  i n d i c a t e s  t h a t  when a high score  i s  obtained 

f o r  one i tem, t h e  o t h e r  i tem w i l l  ob ta in  a  low score  o r  v i c e  

versa .  I n  i n q u i r y  teaching  and l e a r n i n g ,  s tuden t s  a r e  

a c t i v e l y  involved,  hence l e c t u r i n g  i s  cont rary  t o  inqu i ry  

teaching  because the  s t u d e n t s  a r e  involved only i n  absorbing 

f a c t s  and informat ion .  However, d iscuss ions  involve s tuden t s  

much more t h a n  l e c t u r e s  and they a l s o  develop inqui ry  

behaviors i n  t h e  s t u d e n t s .  Student  i tem g  mean scores  when 

c o r r e l a t e d  wi th  the  t eacher  i tem f  scores ,  a s i g n i f i c a n t  

c o r r e l a t i o ~  c o e f f i c i e n t  of -0.39 w a s  obtained. Giving 

i n s t r u c t i o n s  through audio-visua ls ,  p r i n t e d  o r  o the r  s e l f -  

l ea rn ing  m a t e r i a l s  i s  an inqu i ry  teaching  s t r a t e g y ,  whereas 

working i n d i v i d u a l l y  on i s s u e s  and problems which t h e  

teacher  organized i n  a non-inquiry s t r a t e g y .  A negat ive 



c o r r e l a t i o n  c o e f f i c i e n t  w a s  expected. 

Summary 

The r e s u l t s  of t h i s  s tudy a r e  summarized as fol lows:  

1.1 There was no s i g n i f i c a n t  r e l a t i o n s h i p  between the  junior  

secondary sc ience  t e a c h e r s '  a t t i t u d e  toward inqui ry  and t h e i r  

teaching  p r a c t i c e s  i n  terms of low and high inqui ry  ques t ions  

t h a t  they asked, and t h e  amount of teacher-dominated t a l k  and 

s t u d e n t - i n i t i a t e d  t a l k .  

2,' There w a s  3 s i g n i f i c a n t  r e l a t i o n s h i p  ( p o s i t i v e  c o r r e l a t i o n )  

between the  junior  secondary sc ience  t eachers '  a t t i t u d e  

toward inqu i ry  and t h e i r  percept ion  of what they d id  i n  the  

classroomo 

3. There i s  no s i g n i f i c a n t  r e l a t i o n s h i p  between the junior  

secondary sc ience  t eachers '  a t t i t u d e  toward inqui ry  and t h e i r  

s t u d e n t s v  percept ion  of t h e i r  t eachers1  teaching  p r a c t i c e s .  

4. There i s  no r e l a t i o n s h i p  between the  junior  secondary 

sc ience  t e a c h e r s '  percept ion  of t h e i r  teaching  behaviors 

and t h e i r  observed teaching  p r a c t i c e s .  

5.' There i s  very l i t t l e  r e l a t i o n s h i p  between the  junior  

secondary sc ience  teachers-perception of t h e i r  teaching 

p r a c t i c e s  and t h e i r  s t u d e n t s v  percept ion  of t h e i r  teaching  

p r a c t i c e s .  

The d i scuss ion  of the  r e s u l t s  i s  i n  Chapter V. 



CHAPTER V 

CONCLUSIONS , DISCUSSION AND RECOMMENDATIONS 

This study was an investigation of junior secondary 

science teacherst attitudes toward inquiry and the 

relationship between their attitudes and their teaching 

practices. The teaching practices were obtained through 

three measures, namely, from the classroom observations, 

from the teacherst perception of what they do in the 

classroom and from the studentsr reports of what their 

teachers do in their teaching practices. 

This chapter provides a summary of the junior secondary 

science teachers' attitudes toward inquiry and a discussion 

of the findings related to the questions asked in Chapter I. 

Recommendations for further study are given at the end of 

the chapter as well. 

.Conclusions 

Junior secondary science teachers have favorable 

attitudes toward inquiry. This conclusion was based on the 

results-of the examination of the teachers' responses to the 

items in the ISTS instrument. More than two-thirds of the 

teachers in the sample agreed to sixteen out of the twenty 

inquiry items in the ISTS instrument. This conclusion 

supports Lazarowitzts (1973) findings that secondary science 



t eachers  have favorable  a t t i t u d e s  toward inqui ry  s t r a t e g i e s .  

This is  n o t  s u r p r i s i n g  because during the  p a s t  two decades 

wi th  the  v a s t  amount of l i t e r a t u r e  w r i t t e n  on inqu i ry  and 

inqu i ry  t e a c h i n g  i n  sc ience ,  one would expect t h e  t eachers  t o  

be aware of the  inqu i ry  approach which i s  recommended i n  the  

textbooks,  t e a c h e r s '  guides,  labora tory  a i d s ,  u n i v e r s i t y  

courses  and t h e  in - se rv ice  programs. Junior  secondary 

sc ience  t e a c h e r s  had d i f f i c u l t y  i n  responding t o  the  non- 

inqu i ry  i tems.  This  w a s  concluded from the  i n c o n s i s t e n t  

responses of t h e  t eachers  t o  the non-inquiry i tems i n  the  

ISTS instrument . '  The responses were d i s t r i b u t e d  on e i t h e r  

s i d e  of t h e  undecided column of the ISTS instrument as w e l l  

as f o r  t h e  undecided column. 

It w a s  a l s o  concluded t h a t  the  teachers '  a t t i t u d e  

toward inquirywas n o t  r e l a t e d  t o  t h e i r  a c t u a l  teaching 

p r a c t i c e s  and what t h e i r  s tuden t s  perceived them t o  be doing 

i n  the  classroom. However, the  teachers1  a t t i t u d e  toward 

inquirywas h igh ly  r e l a t e d  t o  t h e i r  own percept ion of t h e i r  

teaching  p r a c t i c e s .  

F i n a l l y ,  it was concluded t h a t  the  t e a c h e r s t  percept ion  

of t h e i r  classroom behavior- not  r e l a t e d  t o  t h e i r  a c t u a l  

observed p r a c t i c e s ,  bu t  was s l i g h t l y  r e l a t e d  t o  what t h e i r  

s t u d e n t s  pe rce ived  them t o  be doing i n  the  classroom f o r  

a c t i v i t i e s  such as l i s t e n i n g  t o  l e c t u r e s  and watching 

t eachers  perform demonstrations.  



The first conclusion was made after careful study of 

the teachersv responses forall the items in the ISTS 

instrument. The results show that the junior secondary science 

teachers believe that the teacher's roles in the science 

classroom are: to create learning environments in which 

students can raise questions; to help students develop proces's 

skills 'such as making careful and relevant observations and 

interpreting data; to rouse the students' curiosity before a 

lesson; and to present to students problems to which answers 

are not known yet. They also believe that they should be 

receptive to any reasonable answer given by the students and 

that science teaching should encourage students to identify 

assumptions, to critically analyze their own conclusions and 

to include unexpected results in the analysis of their work. 

The responses also indicated that science teachers think that 

the science course should include more learning materials 

than what they intend to use, that the textbooks should have 

laboratory experiments integrated with the text materials, 

and that reference materials should be made available for the 

students to use while they are performing their experiments. 

As opposed to inquiry, many of the science teachers think 

that their students should know from the beginning the steps 

that they will employ in an investigation and that they should 

analyze the results for the students after an experiment. It 

was observed in all of the laboratory lessons that 



experimental  procedures were given e i t h e r  i n  the  s t u d e n t s t  

textbooks o r  from overhead p r o j e c t i o n s  o r  in  handouts f o r  

t h e  s tuden t s  t o  fol low.  A number of t h e  t eachers  a l s o  agreed 

t o  o the r  non-inquiry s ta tements  such as: t h e  science t eachers  

should make c l e a r  i n  advance a l l  t he  problems which a r i s e  i n  

t h e  performance of an experiment, they should formulate t h e  

problems t o  be t augh t  i n  science a s  w e l l  as the  hypotheses . 

when ques t ions  a r e  r a i s e d ,  and they should he lp  the  s tuden t s  

t o  obta in  a s o l u t i o n  whenever a  s c i e n t i f i c  problem i s  

introduced.  

The f i n d i n g  t h a t  t h e r e  i s  no r e l a t i o n s h i p  between the  

junior  secondary sc ience  t eachers '  a t t i t u d e  toward inqu i ry  

and what w a s  a c t u a l l y  observed i n  the  classroom tends  t o  

support  the  f i n d i n g s  of many s t u d i e s  on a t t i tude -behav io r  

r e l a t i o n s h i p s  and Ruthe r fo rd t s  (1974) statement  t h a t  t h e r e  i s  

a l a r g e  gap between t h e  t e a c h e r s t  p r a c t i c e s  and t h e i r  

convic t ions .  To my mind, t h e r e  a r e  psychological  and 

i n s t r u c t i o n a l  b a r r i e r s  t o  inqu i ry  teaching  which the  t eachers  

heed t o  overcome. Many t eachers  do n o t  know how t o  teach  the  

inqu i ry  method and t h e r e f o r e  they  tend  t o  teach i n  t h e  way 

t h a t  they were taught .  Contrary t o  t h e  inqui ry  type of 

teaching ,  a l a r g e  propor t ion  of the  teacher  t a l k  i n  the  

classroom c o n s i s t e d  of t h e  g iv ing  of information and 

s ta tements  of f a c t s  t o  the  s tuden t s .  The teachers  seem t o  

t h i n k  t h a t  l e c t u r i n g  and reading from textbooks a re  the 

f a s t e s t  ways t o  g e t  f a c t s  t o  the  s tuden t s  and t h a t  s tuden t  



l ea rn ing  is  measured by t h e  amount of f a c t s  t h e i r  s tuden t s  

can r e c a l l  i n  t h e  type of t e s t s  g iven  by the  teachers .  It 

appears  t h a t  t h e  long-term g o a l  of  teaching  t h e  s tuden t s  t o  

l e e r n  on t h e i r  own has been overlooked. I n  t h e  classroom 

teaching ,  it was noted t h a t  t h e  junior  secondary sc ience  

t e a c h e r s  asked mainly convergent ques t ions ,  t h a t  is ,  ques t ions  

which r e q u i r e  the  s tuden t s  t o  r e c a l l  f a c t s  and ques t ions  

which demand the  a p p l i c a t i o n  of f a c t s  and p r i n c i p l e s  t o  

so lve  problems. There w a s  r e l a t i v e l y  in f requen t  use of 

ques t ions  which r e q u i r e  t h e  s t u d e n t s  t o  formulate o r  

specu la te  hypotheses as we l l  as t o  design t h e i r  own 

experimental  procedures o r  t o  formulate  conclusions from the  

obtained d a t a  a s  one would expect  i n  an inqu i ry  lesson.  

From Appendix I ,  which g i v e s  the  percentage use of the  23 

STOS subcategor ies  by t h e  junior  secondary sc ience  t eachers ,  

t h e  amount of t e a c h e r  t a l k  ranged from 30% t o  90% of the  c l a s s  

time. This  f i n d i n g  i s  c o n s i s t e n t  wi th  Parakh (1967) and 

S n i d e r ' s  (1966) s t u d i e s ,  though t h e  mean f o r  the  junior  

secondary sc ience  t eachers  w a s  s l i g h t l y  lower (62%) than the  

75% t h a t  w a s  r epor ted  by them. I n  t h e  t h r e e  cases  where the  

amount of s t u d e n t  i n i t i a t e d  t a l k  and/or a c t i v i t i e s  w a s  

g r e a t e r  than  t h e  amount of t eacher  t a l k ,  a l l  the  t h r e e  

l e s s o n s  which were audio-taped from Teachers 7 ,  11 and 16 

c o n s i s t e d  of p r a c t i c a l s  o r  l a b o r a t o r y  work. Though t h e r e  

was c l e a r l y  a  much h igher  l e v e l  of p u p i l  p a r t i c i p a t i o n ,  it 

should be po in ted  out t h a t ,  of the  s tuden t s '  behaviors t h a t  



were d i r e c t e d  t o  t eachers ,  they were f o r  t h e  confirmation of 

f a c t s  and p r i n c i p l e s  as we l l  as f o r  experimental  guidance. 

However, much of the  s tudent - to-s tudent  t r a n s a c t i o n s  were 

d i f f i c u l t  t o  d i sce rn  as it could n o t  be a s c e r t a i n e d  whether 

what t h e  s t u d e n t s  were t a l k i n g  about were r e l a t e d  t o  t h e  

l e s s o n s  o r  o therwisea4  

The l i n k  between t h e  junior  secondary sc ience  teachers1  

a t t i t u d e  toward inqu i ry  and t h e i r  percept ion  of t h e i r  

teaching  p r a c t i c e s  w a s  expected because of t h e  c l o s e  

r e l a t i o n s h i p  between t h e  t e a c h e r s t  a t t i t u d e  toward inqu i ry  

and the  t e a c h e r s '  percept ion  of t h e i r  t each ing  p r a c t i c e s .  

This  could w e l l  be t h a t  the  i tems of the  ISTS instrument 

and t h e  Teacher Percept ion i tems a r e  equ iva len t  i tems. 

The ISTS instrument  and t h e  Teacher Percept ion  ques t ionnai re  

were taken  by t h e  t eachers  success ive ly ,  and the  t eachers '  

responses t o  t h e  ISTS i tems mighk have an in f luence  on t h e  

responses t o  the Teacher Percept ion items.' 

The s tuden t s '  percept ion  of t h e i r  t eachers '  t eaching  

p r a c t i c e s  has  no r e l a t i o n s h i p  t o  t h e  t eachers1  a t t i t u d e  

toward inqui ry . '  Most of the  s t u d i e s  on teaching  p r a c t i c e s  i n  

the  p a s t  had made use o f  s tuden t s  t o  r e p o r t  on the teachers1  

behaviors  i n  t h e  classroom because it w a s  f e l t  t h a t  t h e  

s t u d e n t s  were t h e  b e s t  people t o  do so  as they  a r e  with the  

t e a c h e r s  f o r  the  major p a r t  of the  day. This  d id  no t  take  

i n t o  account t h e  a f f e c t i v e  behaviors of t h e  s tudents . ,  The 



accuracy of the  s t u d e n t s 1  r e p o r t  may have t o  be taken with 

a  g r a i n  of s a l t  as it might be a f f e c t e d  by t h e i r  l i k e s  o r  

d i s l i k e s  f o r  t h e i r  t eacher .  One o t h e r  probable reason sfor 

the  l ack  of r e l a t i o n s h i p  between the  t e a c h e r s '  a t t i t u d e  and 

the s t u d e n t s 1  pe rcep t ion  of classroom p r a c t i c e s  i s  t h a t  t h e  

semantic va lue  of t h e  Student  Ques t ionnai re  i tems may n o t  be 

i d e n t i c a l  t o  t h e  corresponding ISTS i tems.  F i n a l l y ,  a t h i r d  

possib1.e reason f o r  t h i s  l ack  of r e l a t i o n s h i p  l i e s  i n  t ak ing  

the  mean s c o r e s  f o r  t h e  Student Ques t ionna i re  i tems from the 

t h r e e  c l a s s e s  of each t eacher  together .  It might be 

i n t e r e s t i n g  t o  knowwhat t h e  c o r r e l a t i o n  would be when t h e  

mean scores  of t h e  s t u d e n t s 1  i tems f o r  t h e  t h r e e  c l a s s e s  

were taken s e p a r a t e l y .  

The f i n d i n g  t h a t  t h e r e  i s  no r e l a t i o n s h i p  between t h e  

teachers '  p e r c e p t i o n  of t h e i r  classroom behaviors  and t h e  

a c t u a l  observed behaviors ,  confirms t h e  f i n d i n g s  of many 

previous s t u d i e s  such as those done by Behnke (1961),  Koran 

(1969),  Parakh (1968) and Winkeljohn (1972). The f a c t  t h a t  

t h e  c o r r e l a t i o n  c o e f f i c i e n t s  were negat ive  f o r  both low 

and high i n q u i r y  ques t ions  and i n s t r u c t i o n a l  i n f l e x i b i l i t y  

ind ica ted  t h a t  i f  t h e  t eachers  were a u t h o r i t a r i a n  i n  t h e i r  

' classroom teach ing ,  t h e n  t h e r e  would be very l i t t l e  

opportuni ty f o r  t h e  s t u d e n t s  t o  t a l k  and d i scuss ,  n o t  t o  

mention t o  answer any ques t ions  when asked by t h e  teacher .  

It w a s  observed t h a t  most of the  schools ,  which were 

v i s i t e d ,  were wel l-s tocked with apparatus  and equipment and 



had f a c i l i t i e s  s u i t a b l e  f o r  l a b o r a t o r y  work. I n  f a c t ,  i n  

a l l  of the  schools  v i s i t e d ,  l a b o r a t o r y  p repara t ion  rooms 

were a v a i l a b l e , a n d  i n  f i v e  out  of t h e  seven schools  a 

l abora to ry  a s s i s t a n t  w a s  a c c e s s i b l e  t o  t h e  science t e a c h e r s  

f o r  the p repara t ion  of l abora to ry  equipment and m a t e r i a l s .  

Thus, one would expect  much more ind iv idua l i zed  l abora to ry  

work among t h e  s t u d e n t s ,  but  t h i s  w a s  n o t  the  case i n  t h e  

l e s sons  t h a t  were observed, because i n  most of the  c l a s s e s ,  
\ 

t h e  s tuden t s  were r e q u i r e d  t o  c a r r y  out  t h e  same experiment 

o r  a c t i v i t y  a t  t h e  same pace. The t eachers  d id  make use of 

audio-v isua l  a i d s  such as t h e  overhead p r o j e c t o r  but o f t e n  

it was used t o  p r o j e c t  no tes  and experimental  procedures 

f o r  the s t u d e n t s  t o  copy i n t o  t h e i r  notebooks. It would 

appear t h a t  t h e  junior  secondary sc ience  t eachers  d i d  n o t  

know the  way t o  t each  by inqu i ry ,  f o r  example, i n  t h e  proper 

use of t h e  overhead p r o j e c t o r  f o r  inqui ry  teaching  and i n  

t h e  use of proper  ques t ion ing  techniques i n  order  t o  make 

t h e  s tuden t s  th ink .  I n  most cases ,  when t h e  s tuden t s  asked 

something of t h e  t e a c h e r ,  he simply t o l d  them the  answer 

i n s t e a d  of probing t h e  s t u d e n t s  f o r  the  answer. Many of t h e  

t eachers  were concerned with g e t t i n g  t h e  r i g h t  answer 

from the  s t u d e n t s .  I n  a d d i t i o n ,  very l i m i t e d  amount of 

c l a s s  d i scuss ions  were no t i ced .  More work c e r t a i n l y  need t o  

be done t o  t r a i n  and t o  r e t r a i n  t eachers  i n  the  a r t  of 

inqu i ry  e s p e c i a l l y  i n  t h e  techniques of quest ioning i n  the  

sc ience  classroom, 



There appeared t o  be a s l i g h t  r e l a t i o n s h i p  between 

what the  junior  secondary sc ience  t eachers  s a i d  they do and 

what t h e i r  s t u d e n t s  r epor ted  them t o  be doing i n  t h e  

classroom. I n  Table 14, regarding  the  teaching  of process  

s k i l l s  i n  t h e  classroom, t h e r e  i s  some consis tency between 

what the  t e a c h e r s  s a i d  and what t h e  s tuden t s  r epor ted  

( s i g n i f i c a n t  c o r r e l a t i o n  c o e f f i c i e n t  of 0.38). It could 

w e l l  be t h a t  t h e  two s i g n i f i c a n t  c o r r e l a t i o n  c o e f f i c i e n t s  

i n  Table 14 could have occurred by chancs too.  With 

reference  t o  Table 15, t h e r e  i s  very l i t t l e  discrepancy 

between what the  t e a c h e r s  perce ived  themselves t o  be doing 

and what t h e i r  s t u d e n t s  perce ived  t h e i r  t eachers  t o  be doing 

with regard  t o  the  fo l lowing i n s t r u c t i o n a l  s t r a t e g i e s :  

Item ( a )  l i s t e n i n g  t o  l e c t u r e s  o r  watching 

demonstrat ions  ; 

Item ( d )  working on l abora to ry  exe rc i ses  when 

i n s t r u c t i o n s  a r e  provided; and 

Item ( h )  engaging i n  r o l e  p laying  o r  o the r  s imula t ion  

e x e r c i s e s .  

Items ( a )  and ( d )  a r e  s t r a t e g i e s  which a r e  opposed t o  inqu i ry  

teaching  as the  s t u d e n t s  a r e  n o t  a c t i v e l y  involved i n  the  

l ea rn ing  process .  When t h e  t eacher  l e c t u r e s  too m ~ c h ,  t h e  

s tuden t s  would ' t une  o u t '  as t h e i r  a t t e n t i o n  span i s  s h o r t .  

It was observed t h a t  t h e  l abora to ry  work cons is ted  of 

s tuden t s  fo l lowing i n s t r u c t i o n s  given by the  t eachers  o r  from 

t h e i r  textbooks as repor ted  by the  t eachers  and s tuden t s , too .  



The l abora to ry  w a s  used mainly f o r  the  v e r i f i c a t i o n  of 

information t h a t  was given by t h e  t eacher  i n  the  l e c t u r e s  

o r  from diagrams on blackboard,  c h a r t s  o r  overhead 

p ro jec t ions .  Very r a r e l y  were s tuden t s  a s k e d ' t o  design 

experiments, t o  specu la te  o r  formulate hypotheses o r  t o  make 

inferences  from d a t a  co l l ec ted . '  I n  no way w a s  the  l abora to ry  

used as a  s c i e n t i s t  would use it.' These f ind ings  confirmed 

the  B r i t i s h  Columbia Science Assessment (1978) and Cusackl s 

(1979) f indings . '  The t e a c h e r s  and stud:e.nts responded t h a t  

r o l e  playing and s imula t ion  e x e r c i s e s  were hard ly  used i n  

t h e i r  sc ience  classroom i n s t r u c t i o n  ( s i g n i f i c a n t  c o r r e l a t i o n  

c o e f f i c i e n t  of 0.'67). This inqu i ry  s t r a t e g y  was no t  observed 

i n  any of t h e  l e s sons .  

Thus, t h e r e  were wide d i sc repanc ies  between observed 

classroom teaching  p r a c t i c e s  and what t h e  t eachers  be l ieved,  

and a l s o  between observed teaching  p r a c t i c e s  and what t h e  

t eachers  th ink  they  d i d  o r  s a i d  they d id  and what t h e i r  

s tuden t s  perce ived  t h e i r  t eachers  t o  be doing. Perhaps one 

reason f o r  the  l a c k  of use of inqu i ry  s t r a t e g i e s  i n  classroom 

teaching  today may be summarized by t h i s  quota t ion:  

The p r e s e n t  p o l i t i c a l  c l imate  i s  more l i k e l y  
t o  d i r e c t  t e a c h e r s '  concern towards core 
c u r r i c u l a  and t h e  most e f f i c i e n t  ways of 
g e t t i n g  f a c t s  a c r o s s  t o  s tuden t s .  Teaching 
p r a c t i c e s  ... which u t i l i z e  enquiry methods 
a r e  ou t s ide  t h e  z e i t g e i s t  of the  "back t o  
bas ics"  trend (Cusack, 1979, p.' 100).  



Recommendations f o r  Future Research - -- 
It w a s  ev ident  from t h i s  s tudy t h a t  t h e  junior  

secondary sc ience  t eachers  were aware of s e v e r a l  inqui ry  

s t r a t e g i e s ,  however, t h e i r  t each ing  p r a c t i c e s  d id  n o t  r e v e a l  

these .  An i n v e s t i g a t i o n  i n t o  t h e  b a r r i e r s  t o  inqui ry  teaching 

could c e r t a i n l y  h e l p  t o  inc rease  t h e  use of inqu i ry  s t r a t e g i e s  

i n  sc ience  teaching  i n  the  secondary schools .  

A cons iderable  por t ion  of the  i n t e r a c t i o n s  between 

t e a c h e r  and s t u d e n t s  a t  i n d i v i d u a l  o r  group l abora to ry  work 

c o n s i s t e d  of inaudib le  conversa t ions .  It would be worthwhile 

t o  cons ider  a  more s e n s i t i v e  way of monitoring these  

t r a n s a c t i o n s .  This would add t o  the  accuracy of the  recording 

of t h e  l e s s o n s  on audio-tapes f o r  such resea rch  i n  the  f u t u r e .  

I n  t h i s  s tudy,  the  mean scores  f o r  a l l  the  t h r e e  c l a s s e s  

t augh t  by each t e a c h e r  were c o r r e l a t e d  wi th  the  t eachers '  

s co res .  A f u r t h e r  i n v e s t i g a t i o n  could be c a r r i e d  out by 

c o r r e l a t i n g  t h e  mean scores  f o r  each of t h e  t h r e e  c l a s s e s  

and the  r e s p e c t i v e  teacher  scores  and compare the  r e s u l t s .  

A s tudy i n t o  t h e  f a c t o r s  t h a t  might be i n f l u e n t i a l  i n  

t h e  formation of more favorable  a t t i t u d e  toward inqui ry  

might prove t o  be of some value .  

Very l i t t l e  r e l a t i o n s h i p  w a s  found between s tudent  

percept ion ,  t eacher  percept ion  and observed teaching  p r a c t i c e s .  

Future s t u d i e s  on teaching  p r a c t i c e s  should n o t  depend too 

much o r  e n t i r e l y  on what s t u d e n t s  o r  t eachers  say,  but  r a t h e r  

on sys temat ic  classroom observat ions .  



It w a s  concluded i n  t h i s  s tudy t h a t  t h e  t eachers '  

a t t i t u d e  toward inqui ry  was no t  r e l a t e d  t o  t h e i r  a c t u a l  

teaching  p r a c t i c e s .  Owing t o  t h e  l a c k  of a common d e f i n i t i o n  

f o r  inqu i ry  teaching ,  an a l t e r n a t i v e  hypothes is  would be t h a t  

t h e  t e a c h e r s  might be l ieve  t h a t  they a r e  teaching  by inqui ry  

according t o  t h e i r  own d e f i n i t i o n s .  I n  t h i s  case ,  the  gap 

between a t t i t u d e s  toward inqui ry  and a c t u a l  teaching behaviors 

would n o t  e x i s t  according t o  t h e  terms of t h i s  study. Fur ther  

r e sea rch  might explore how the  t e a c h e r s  def ine  t h e i r  approaches 

t o  inqu i ry  t each ing  and then  t o  see  whether d iscrepancies  

e x i s t  between what they descr ibe and what they a c t u a l l y  do. 

The Science Teaching Observation Schedule g ives  a very 

d e t a i l e d  r e c o r d  of the  i n t e l l e c t u a l  t r a n s a c t i o n s  between 

t e a c h e r  and s t u d e n t s  and between s t u d e n t s  and s tuden t s  i n  the  

a c t u a l  classroom s i t u a t i o n  but  were n o t  exhaus t ive ly  s tudied .  

A s  such, a more comprehensive examination of t h e  p a t t e r n  of 

behaviors  t h a t  a r e  involved i n  the  teaching  of secondary 

school  sc ience  would be another  a r e a  f o r  f u t u r e  study. 
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S e c o n d a r y  S c i e n c e  R e s e a r c h  P r o j e c t  

P u r p o s e  o f  t h e  S t u d y  

The p u r p o s e  o f  t h i s  s t u d y  i s  t o  d e t e r m i n e  how s c i e n c e  i s  

c u r r e n t l y  b e i n g  t a u g h t  a n d  t o  d e t e r m i n e  w h a t  f a c t o r s ,  s i t u a t i o n s  

a n d  c o n s t r a i n t s  i n f l u e n c e  t h a t  t e a c h i n g .  From t h i s ,  w e  c a n  t h e n  

i n v e s t i g a t e  q u e s t i o n s  s u c h  a s :  Do c u r r e n t  s t r a t e g i e s  r e f l e c t  

t h o s e  recommended i n  t h e  l i t e r a t u r e ?  Do t e a c h e r s  f i n d  t h e m s e l v e s  

c o n s t r a i n e d  t o  u s e  c e r t a i n  t e a c h i n g  m e t h o d s  b e c a u s e  o f  e x t e r n a l  

p r e s s u r e s ?  

T h o s e  who h a v e  s t u d i e d  i n n o v a t i o n  i n  e d u c a t i o n  h a v e  shown 

t h a t  t h e  p r o c e s s  o f  c h a n g e  i s  e n o r m o u s l y  d i f f i c u l t  t o  e f f e c t .  

T h e r e f o r e ,  a  s e c o n d  a r e a  o f  i n v e s t i g a t i o n  i n v o l v e s  i d e n t i f y i n g  

t h e  b a r r i e r s  w h i c h  t e a c h e r s  e n c o u n t e r  when t h e y  t r y  t o  c h a n g e  

t h e i r  me thod  o f  i n s t r u c t i o n .  

Thus  t h e  o v e r a l l  i n t e n t  i s  t o  d e t e r m i n e  how s c i e n c e  i s  b e i n g  

t a u g h t ,  w h a t  f a c t o r s  i n f l u e n c e  t e a c h e r s  t o  t e a c h  a s  t h e y  d o ,  

a n d  w h a t  s t e p s  a r e  l i k e l y  t o  b e  t h e  m o s t  p r o d u c t i v e  i n  c h a n g i n g  

t h e  method o f  i n s t r u c t i 0 n . A ~  a  means  o f  i n i t i a t i n g  a l i n e  o f  

r e s e a r c h  i n t o  t h i s  a r e a ,  t h e  f o l l o w i n g  s p e c i f i c  o b j e c t i v e s  h a v e  

b e e n  s e t  f o r  t h e  p r o j e c t :  

a .  To i d e n t i f y  t h e  t e a c h i n g  s t r a t e g i e s  m o s t  commonly u s e d  b y  

a  r e p r e s e n t a t i v e  s a m p l e  o f  t e a c h e r s .  

b .  To d e t e r m i n e  t h e  e x t e n t  t o  w h i c h  t h e  s t r a t e g i e s  i d e n t i f i e d  

i n  ' a '  a r e  r e l a t e d  t o  v a r i o u s  f a c t o r s  i n c l u d i n g  t e a c h e r  a t t i t u d e  

t o w a r d  s c i e n c e  a s  i n q u i r y .  

c .  To i d e n t i f y  t h o s e  s t r a t e g i e s  o f  c h a n g e  t o  w h i c h  t e a c h e r s  



a r e  l i k e l y  t o  r e s p o n d .  

d .  To i d e n t i f y  t h e  b a r r i e r s  t o  i m p r o v i n g  t h e  q u a l i t y  o f  

i n s t r u c t i o n  a s  p e r c e i v e d  by t e a c h e r s .  

P r o c e d u r e  . 

I n  o r d e r  t o  a c h i e v e  t h e s e  o b j e c t i v e s ,  we p r o p o s e  t o  o b t a i n  

d a t a  f rom a  random sample  o f  30 t e a c h e r s  u s i n g  i n t e r v i e w s  and a  

q u e s t i o n n a i r e ,  and c o l l e c t i n g  t h r e e  a u d i o  t a p e s  of  e a c h  t e a c h e r ' s  

c l a s s r o o m  t e a c h i n g .  The a n a l y s i s  o f  t h e  a u d i o  t a p e s  c o u p l e d  w i t h  

t h e  i n t e r v i e w  d a t a  w i l l  e n a b l e  t h e  r e s e a r c h e r s  t o  i d e n t i f y  t h e  

t e a c h i n g  s t r a t e g i e s  mos t  commonly u s e d  by t h e  sample  o f  t e a c h e r s .  

The q u e s t i o n n a i r e  and i n t e r v i e w  w i l l  b e  s t r u c t u r e d  t o  g a t h e r  

d a t a  on a  r a n g e  o f  f a c t o r s  t h a t  w i l l  b e  r e l a t e d  t o  t h e  t e a c h i n g  

s t r a t e g i e s  and t h e  t e a c h e r s '  a t t i t u d e s  t o w a r d s  t h e s e  s t r a t e g i e s  

and toward  s t r a t e g i e s  o f  c h a n g e .  A p a r a l l e l  form of t h e  t e a c h e r  

q u e s t i o n n a i r e  w i l l  be  g i v e n  t o  s t u d e n t s  i n  t h o s e  c l a s s e s  which 

w i l l  be  a u d i o t a p e d .  T h i s  a d m i n i s t r a t i o n  i s  e x p e c t e d  t o  t a k e  

a p p r o x i m a t e l y  t w e n t y  m i n u t e s  o f  c l a s s  t i m e .  The o u t - o f - c l a s s  

t i m e  commitment f o r  e a c h  t e a c h e r  w i l l  b e  a b o u t  one  h o u r .  

The d a t a  w i l l  b e  c o l l e c t e d  by t h e  r e s e a r c h  team,  which 

i n c l u d e s  two f a c u l t y  members i n  E d u c a t i o n ,  and t h r e e  g r a d u a t e  

s t u d e n t s .  A l l  r e s e a r c h  team members a r e  e x p e r i e n c e d  e d u c a t o r s .  

Fo l low-up  

S i n c e  t h e  s t u d y  i n v o l v e s  t h e  c o l l e c t i o n  o f  e m p i r i c a l  d a t a  

a b o u t  t e a c h i n g  s t r a t e g i e s  t h a t  t h e  p a r t i c i p a n t s  u s e ,  t h e  

r e s e a r c h e r s  b e l i e v e  t h e  g e a c h e r s  w i l l  b e  i n t e r e s t e d  i n  r e c e i v i n g  

a summary o f  t h e  f i n d i n g s  a t  t h e  c o n c l u s i o n  of  t h e  s t u d y .  



There fo re ,  whi le  a l l  d a t a  w i l l  remain c o n f i d e n t i a l ,  t he  

r e s e a r c h  team w i l l  s ha re  t h e  f i n a l  r e p o r t  wi th  t h e  p a r t i c i p a n t s .  

Research Team 

D r .  A l  Whitney 

D r .  Marv Wideen 

Margaret  Cusack 

Geok Sim Seah 

E l a i n e  Barr  
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SCHOOL DISTRICT No. 43 (COQU ITLAM) 

550 POlRlER STREET, 

COQWTLAM, LC. V3J 6A7 

Dr.  M. Wideen, 
Faculty of Education, 
Simon Fraser  Univers i ty ,  
Burnaby, B. C. 
V5A 156 

Dear Dr. Wideen: 

PHONE 939-9201 

Thank you f o r  your February 1st l e t t e r ,  and attachment, i n  which you 
out l ine  a research proposal  involving t he  t e ach ingo f  secondary science. 

Approval is given f o r  you t o  contact  the  p r inc ipa l s  of secondary schools 
i n  the  D i s t r i c t  t o  d i s cus s  your proposal. Par t i c ipa t ion ,  of course, is 
l e f t  t o  t he  d i s c r e t i o n  of ind iv idua l  p r inc ipa l s  and teachers. 

We look forward t o  any r e s u l t s  you a r e  able  t o  share with us. 

Yours very t r u l y ,  

A. K, Mutter, 
A s s i s t a n t  Superintendent of Schools. 

fo r :  

G. M. Paton, 
Superintendent of Schools. 



P R O F E S S I O N A L  D E V E L O P M E N T  C E N T R E  

BURNABY SCHOOL B O A R D  

March 9 ,  1979 

Dr. Marvin F. Wideen, 
~acult) of Education, 
S i m n  Fraser  Univers i ty  , 
Burnaby, R. C. 

Dear D r .  Wideen: 

As you a r e  aware, t h e  d i s t r i c t  Research Committee reviewed 
your research  proposal on Teacher S t r a t e g i e s  and Change S t r a t e g i e s  
Of  Secondary Science Teachers a t  a meeting on March 8, 1979. Although 
the re  were some ques t ions ,  your proposal  w a s  approved by the  committee. 

The next  s t e p  i n  t h i s  p r o j e c t  v f l l  involve t h e  i d e n t i f i c a t i o n  
o f  the  a c t u a l  schools  t o  become involved,  and a s  1 understand from 
your d e s c r i p t i o n  of  the  s tudy,  t h i s  is t o  be done randomly. Once 
you have s e l e c t e d  the  schools  vou would l i k e  t o  contac t ,  I would 
apprec ia te  you c a l l i n g  m e  s o  t h a t  I can a t t end  the  meetlngs wi th  the  
secondary departments i n  those schools .  

The s tudy is i n t e r e s t i n g  and ambitious and we will t r y  t o  
assist i n  every way w e  can. I w i l l  look forward t o  hearing from you. 

Yours t r u l y ,  

Blake Ford 
Chairman 
Research Commit tee 

350 Holdom Avenue, Burnaby, B.C., V5B 3V1 Telephone 299-8164 
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SCIENCE TEACHING STRATEGIES 

IN JUNIOR SECONDARY SCHOOLS 

TEACHER QUESTIONNAIRE 

Facul ty  o f  Education 

Simon F rase r  Univers i ty  

The r e s u l t s  o f  t h i s  ques t ionnai re  w i l l  remain 
s t r i c t l y  conf ident ia l .  Reporting w i l l  involve  the  
t o t a l  r e s u l t s  only;  no ind iv idua l  teacher  o r  school 
w i l l  be i d e n t i f i e d  o r  i d e n t i f i a b l e  i n  any o f  t h e  
wr i t t en  repor ts .  



Code 

AaTITUDES TOWARDS SCIENCE TEAMING 

+4 P a r t  A The fol lowing list conta ins  i tems r e l a t e d  t o  sc i ence  teaching - 
s t r a t e g i e s .  P l ease  check t h e  blank by each i tem which i s  most 

r e p r e s e n t a t i v e  o f  your a t t i t u d e  towards t h a t  s t r a t e g y :  SA--strongly 

agree ,  A--agree, U--undecided, D--disagree, SD--strongly disagree.  

ITEM ISA I A 

1. A sc i ence  t e a c h e r  should encourage 
s t u d e n t s  t o  c r i t i c a l l y  analyze t h e i r  
o m  conclusions.  

2. S tuden t s  should  be  guided t o  include 
a r t i c l e s  from d i f f e r e n t  s c i e n t i f i c  
j ou rna l s  i n  t h e i r  notebooks. 

3. A secondary sc i ence  course should  
inc lude  more l ea rn ing  m a t e r i a l  t han  
a t e a c h e r  i n t e n d s  t o  use. 

4. A sc i ence  t e a c h e r  should immediately 
c o r r e c t  a wrong answer given by a 
s tudent .  

5. Experimental r e s u l t s  which cannot be 
i n t e r p r e t e d  show t h a t  t he  experiment 
is  no t  appropr i a t e  f o r  secondary 
sc i ence  courses.  

6. Studen t s  a r e  o f t e n  capable o f  
des ign ing  v a l i d  experiments. 

7. Questions which a r e  i n t e g r a t e d  i n  
t h e  t e x t  a r e  confusing t o  s t u d e n t s  
and should  be omitted.  

8. I f  unexpected r e s u l t s  a r e  obta ined,  
t hey  should  be included i n  t h e  
a n a l y s i s  o f  t h e  laboratory  work. 

9. Each day 's  lesson should be based 
on previous  lessons .  

10. S tuden t s  w i l l  l e a r n  b e t t e r  when 
t h e i r  c u r i o s i t y  i s  aroused b e f o r e  
a s u b j e c t  i s  s tudied.  

11. Conf l i c t ing  d a t a  can lead t o  a 
u s e f u l  post - laboratory  discuss ion.  

12. I n  an i n v e s t i g a t i o n  s tuden t s  
should  know from t h e  beginning 

:. t h e  s t e p s  they  w i l l  perform. 



ITEM 1 s4' 
13. It i s  desirable  t o  present t o  I 

students science questions t o  
which answers a r e  not necessar i ly  I 
known. 1 

IL. A secondary science course should ( 
have l a b o r k o r y  experiments 
in tee ra ted  with the  t e x t  material.  

15. A student i s  successful i n  a . 
laboratory experiment if his 
results a r e  s imi la r  t o  t h e  c l a s s  
resu l t s .  

16. For each new top ic ,  general izat ions 
should be presented before examples 
and i l l u s t r a t i o n s  of t h e  general- - 
i z a t i o n s  a r e  . ~ m v i d e d .  

17. A t  t h e  end of an experiment, the. 
science teacher  should analyze t h e  
results t o  h e l ~  students understand 

A U D S D  

- 

them. 
18. Textbooks should contain subject  

matter  which could be covered in 
one academic year. 

19. S c i e n t i f i c  journals and reference 
books should be avai lable  f o r  
s tudents  t o  use while perfoIITling 
emeriments. 

20. One of the  m l e s  of t h e  c lassman 
teacher  i s  t o  present l ea rn ing  
s i t u a t i o n s  in such a way t h a t  
s tudents  wilI r a i s e  questions. 

21. Science teachers  should make c l e a r  
in advance a l l  the  problems which 
a r i s e  in t h e  performance of a 
laboratory emeriment. 

22. In a science course s tudents  
should develop skill in 
interpret ine;  data. 

23. Unstructured a c t i v i t i e s  in t h e  
laboratory work may of ten  lead  t o  
exci t ing ldnds of science 
experiences f o r  both t h e  teacher  
and t h e  student.  

24. Students w i l l  perform experiments 
successful ly when the  teacher  
presents  an overa l l  explanation 
of  t h e  sub,lect t o  be i k v e s t i ~ a t e d .  

25. A primary r o l e  of secondary science 
teachers  i s  t o  design t h e  invest i -  - 
aa t ion  t o  be done. 

26. Science teaching should enable 
s tudents  t o  i d e n t i f y  t h e  assump 
t i o n s  made in a e v e n  invest iqat ion.  



I 

lTEN 
27. By present* an acceptable r u l e  

t o  s tudents ,  t h e  teacher  avoids 
t h e  r l s k  of having them ar r ive  a t  

ceptive of  any reasonable answer 

considered as  a p a r t  of  t h e  

an incor rec t  one. 
28. A science teacher  should prevent 

his students  from t r y i n g  t o  

' - 

- 

answers. 
34. In science c l a s s  students should 

l e a r n  t o  make care fu l  and 
relevant  observations. 

35. In general,  it i s  not p r a c t i c a l  
f o r  s tudents  t o  t e s t  t h e i r  own 

S A A U D S D  

. 

l a b o r a t o m  work. 
31. Science teachers  should formulate 

hypotheses when questions a r e  
raised by students. ' 

32. Students should be asked t o  
prepare t h e  equipment needed f o r  
laboratory work. 

33. A textbook should contain both t h e  
problems t o  be s tudied and t h e  

hypotheses. 
36. Teachers, not students, should 

formulate t h e  problems t o  be 

I 
1 

taught in science. 
37. Experimental r e s u l t s  t h a t  d i f f e r  

g rea t ly  from what i s  expected 
should no t  be considered. - 

38. Teaching t h a t  introduces a 
s c i e n t i f i c  problem should sooner 
o r  l a t e r  lead t o  i t s  solut ion.  

39. An examination a t  t h e  end of a 
science course should ask students 
t o  solve problems t h a t  they have 
not seen before. 

40. Differences in data  can l e a d  t o  the  
proposal of a l t e rna t ive  procedures 
In l a b o r a t o q  work. 

- 

b 



P a r t  B ~ e m o ~ r a p h i c  Data 

T r a i n i n g  

1. HOW many courses  i n  sc i ence  did  you take  a t  un ive r s i ty?  

1) none 2) 1 t o  3 3) 4 t o  7 4) 8 ar more 

2. Did you t a k e  any course work a t  un ive r s i ty  on sc ience  teaching 

methodology? 

Ye= - - 

3. How many yea r s  have you taught?  

1) 1-3 2) 4-7 3) 8-14 4) 15 o r  more 

How many years  have you taught science? 

1) 1-3 2) 4-7 3) 8-14 4) 15 o r  more 

4. Are you a member o f  a p ro fes s iona l  a s soc ia t ion  concerned with 

sc i ence  educat ion? 

Yes - - i d e n t i f y  



u, Par t  C Teaching S t r a t e g i e s  
- 

The following ques t ions  r e l a t e  t o  seve ra l  forms o f  classroom ins t ruc t ion .  

Generally speaking how much time do s tuden t s  spend on t h e  following . 
Check one for each item. 

ITEM 
None' Some Moderate 
L i t t l e  

a) L i s t en ing  t o  l e c t u r e s  o r  
watching demonstrations 1 1 1  

. ..- 

b) Discussing t o p i c s  o r  i s s u e s  I l l  
c) Working i n  groups 

(o the r  than  labs)  

d)  Working on l abora to ry  
exe rc i se s  when i n s t r u c t i o n s  
a r e  provided 

- .  

e)  Working i n d i v i d u a l l y  on , 
i s s u e s  and problems which 
your s t u d e n t s  organized o r  
i n i t i a t e d  e.g. p r o j e c t s  

fJ Working i n d i v i d u a l l y  on 
i s s u e s  and problems which 
you organized 

g) Receiving i n s t r u c t i o n s  
through audio-visual ,  
p r i n t e d ,  o r  o t h e r  s e l f -  
t each ing  m a t e r i a l s  

h) Engaging i n  r o l e  p laying 
o r  o t h e r  s imula t ion  exe rc i se s  

Working on l a b  assignments 
when t h e  s t u d e n t s  have t o  
design the  procedures  

2. How o f t e n  do you t ake  your s tuden t s  out o f  t h e  classroom/lab f o r  a sc ience  

l e s son?  S t a t e  number o f  t imes  i n  a school year/one semester. 

- .  

3. How o f t e n  do you use  teaching s t r a t e g i e s  t h a t  ,do as l i t t l e  t e l l i n g  a s  

p o s s i b l e ?  



P a r t  D Change 

The fol lowing ques t ions  d e a l  w i th  f a c t o r s  which could inf luence you t o  change 

some aspec t  o f  your teaching.  

Assume t h a t  a new program, i n  an a r e a  r e l w a n t  t o  your teaching, has  been 

devised. As a t eache r ,  which o f  t h e  following is  most/least  l i k e l y  t o  have 

an impact on changing your  teaching i n  t h e  d i r e c t i o n  of  the  new program? 

For each i t em p l e a s e  c i r c l e  t h e  appropr i a t e  response number. 

1) a new Min i s t ry  c i r c u l a r  desc r ib ing  t h e  program. I 1 -- 2 -- 3 -- 4  -- 5  1 
ITEM - Least Nos t 

Likely Likely 

4) your  department head commanding you t o  implement 
t h e  new program. 1 

d 

2) t h e  p r i n c i p a l  o f  your school  d i c t a t i n g  t h a t  you 
should  implement t h e  new program. 

3) your co l l eagues  d i scuss ing  t h e  mer i t s  o f  t h e  new 
program wi th  you and sha r ing  i d e a s  as t o  i t s  
implementation. 

1 -- 2 -- 3  -- 4 -- 5  

1 -- 2 -- 3 -- 4 -- 5  

- - I 

5) t e School bp nv i  i n  you o in - se rv ice  se s s io r \ s  
& e r e  you  wf fRe i lp  Janghow t k e  n e w  p r o g r a m  , cou ld  b e  st b e  i m p l e m e n t e d  i n  y o u r  s i tuat ion.  

6) a Min i s t ry  l e t t e r  desc r ib ing  t h e  new program. 

7) you col leagues  persuading you o f  t h e  mer i t s  o f  
t h e  new program and t h a t  you should implement it. 

8) your  department head exp la in ing  t h e  new program 
t o  YOU. 

9 )  a Minis t ry  of Education c i r c u l a r  i n s t r u c t i n g  you 
t o  implement the  new program. 

1 -- 2 -- 3 -- 4 -- 5 

l -- 2 -- 3 -- 4  -- 5 
J 

1 -- 2 -- 3 -- 4 -- 5 

1 - - 2 - - 3 - - 4 - - 5  

1 -- 2 -- 3 -- 4 -- 5  

10) your co l l eagues  implementing t h e  new program. 

11) t h e  h n i s t r y  i n v i t i n g  your  p a r t i c i p a t i o n  i n  
workshops where you w i l l  g ive  your  views a s  t o  
how t h e  new program should  be implemented. 

12) your p r i n c i p a l  encouraging you t o  a t t e n d  in - se rv ice  
s e s s i o n s  where t h e  new program w i l l  be  explained. 

13) your  department head i n v i t i n g  you t o  a t t e n d  a 
s e r i e s  o f  meetings designed t o  d i s c u s s  the  
program's o b j e c t i v e s  and how they can b e s t  be  
implemented i n  your school. 

14) a School Board l e t t e r  i n s t r u c t i n g  you t o  
implement t h e  new program. 

15) t h e  p r i n c i p a l  o f  your school  o u t l i n i n g  t h e  
program a t  a s t a f f  meeting. 

1 -- 2 -- 3 -- 4 -- 5 

1 -- 2 -- 3 -- 4 -- 5 

1 -- 2 -- 3 -- 4  -- 5  

1 -- 2 -- 3 -- 4 -- 5  

1 -- 2 -- 3 -- 4  -- 5  

1 - - 2 - - 3 - - 4 - - 5  



* Part  E 

Code 

Science Teaching Pract ices  

The following l ist  contains items re la ted  t o  secondary science teaching. 

Please check the blank by each item which i s  most representative of your 
teaching (These items a r e  s imi la r  t o  those i n  Part  A which dea l t  with 

a t t i tudes ) .  - 
1 - very often 

2 - often 

3 - seldom 

4 - infrequent ly 

5 - never 
\ 

I ITEM 11 1 2  1 3  1 4  1 s  

1. My students  perform experiments more 
successful ly when I present  an overal l  expla- 
nat ion o f  the  subject  t o  be investieated. I I 

2. I consider my student  successful  i n  h i s  
laboratory experiment i f  h i s  r e s u l t s  are 
s imi la r  t o  the c lass  resu l t s .  

3. I make it c l e a r  t o  my students i n  advance 
a l l  the problems which may a r i s e  i n  the  
performance of  a laboratory experiment. 

4. I have my s t ~ d e n t s ~ i n c l u d e  unexpected 
r e s u l t s  i n  the ana lys i s  o f  the  laboratory 
work. 

- -- 
5. I base each day's lesson on previous 

lessons. 

6. I n  examinations my s tudents  solve problems 
t h a t  they have not seen before. 

7. In science c lass ,  my students  learn t o  make I careful  and relevant observations. 1 1 1  
8. I t  i s  not p rac t ica l  f o r  me t o  make my 

students  t e s t  t h e i r  own hypotheses. 1 
9. My science course has laboratory experi- 

ments integrated with the  tex t  material. 

10. In my teaching, when I introduce a s c i e n t i f i c  
problem, it leads sooner o r  l a t e r  t o  i t s  
solution. 

11. I formulate hypotheses f o r  my students  when . 
questions are  ra i sed  by my students  i n  class. 

12. I design the  inves t iga t ions  t o  be done. 

13. I encourage my students  t o  c r i t i c a l l y  
analyze t h e i r  own conclusions. 



ITEM 11 1 2  1 3  1 4  1 5  

14. I have s c i e n t i f i c  j ou rna l s  and reference  
books a v a i l a b l e  f o r  my s tuden t s  t o  use  
whi le  performing t h e i r  experiments. 

IS. I formulate  t h e  problems f o r  my s tuden t s  
t o  work on i n  t h e  sc i ence  c lass .  

16. I guide my s t u d e n t s  t o  include a r t i c l e s  
from d i f f e r e n t  s c i e n t i f i c  j ou rna l s  i n  
t h e i r  notebooks. 

17. C o n f l i c t i n g  d a t a  i n  my c l a s s  usua l ly  l eads  
t o  a u s e f u l  post - laboratory  discussion. 

18. I ask my s t u d e n t s  t o  i d e n t i f y  the  assumptions 
made i n  a g iven inves t iga t ion .  

19. 1 p r e s e n t  t h e  gene ra l ly  acceptable  s c i e n t i f i c  
r u l e s  and laws t o  s tuden t s  r a t h e r  than r i s k  
having them a r r i v e  a t  an i n c o r r e c t  one. 

20. Our secondary sc i ence  course includes  more 
l e a r n i n g  m a t e r i a l  than I in t end  t o  use. 

21. The textbook con ta ins  bo th  the  problems t o  be 
s t u d i e d  and t h e  answers. 

22. I n  an i n v e s t i g a t i o n  my s tuden t s  know from the  
beginning t h e  s t e p s  they w i l l  perform. 



33. In  my c l a s s ,  I p re sen t  l e a r n i n g  s i t u a t i o n s  
i n  such a way t h a t  my s t u d e n t s  can r a i s e  
questions.  

before  a s u b j e c t  is  s tudied .  

35. I regard unexpected r e s u l t s  a s  a p a r t  o f  
labora tory  work. 

36. I do not  accept  experimental  r e s u l t s  t h a t  
d i f f e r  g r e a t l y  from What i s  expected. 

37. I normally p re sen t  t o  my s t u d e n t s  s c i ence  
ques t ions  t h e  answers t o  which a r e  n o t  
n e c e s s a r i l y  known. 

38. I normally prevent  my s t u d e n t s  from t r y i n g  . 
t o  c r i t i q u e  s c i e n t i f i c  m a t e r i a l  be fo re  
they master it. 

39. I immediately c o r r e c t  a wrong answer given 
by a student.  

40. I allow my s tuden t s  t o  des ign t h e i r  own 
experiments. 



APPENDIX. D 

Student Questionnaire 



SCIENCE TEACHING STRATEGIES 

IN JUNIOR SECONDARY SCHOOLS 

STUDENT QUESTIONNAIRE 

Faculty o f  Education 

Simon Fraser  Univers i ty  

We w i l l  no t  communicate your individual  
answers wi th  your teachers .  

The r e s u l t s  from t h i s  ques t ionnai re  w i l l  remain s t r i c t l y  
con f iden t i a l .  Reporting w i l l  involve the  t o t a l  r e s u l t s  
only. No ind iv idua l  s tudent .  teacher  o r  school w i l l  be 
i d e n t i f i e d ,  o r  i d e n t i f i a b l e ,  i n  any o f  the  wr i t t en  repor ts .  



C l a s s :  

T e a c h e r  Code No. : 
Student Questionnaire 

je 1. During an average week of t h i s  c l a s s  (5 4 50 minute per iods)  what is  
the  amount of t ime you spend (Check one f o r  each item). 

ITEM - 
a)  i i s t e n i n g  t o  l e c t u r e s  o r  

watching demonstrations 

b) Discussing t o p i c s  o r  i s sues  

c) Working i n  groups 
( o t h e r  than  l abs )  

\ 

d)  Working on l abora to ry  
e x e r c i s e s  when i n s t r u c t i o n s  
a r e  provided 

e)  Working i n d i v i d u a l l y  on 
i s s u e s  and problems which 
you o r  your  c lassmates  
organized o r  i n i t i a t e d  
e.g. p r o j e c t s  

f )  Working i n d i v i d u a l l y  on 
i s s u e s  which your  teacher  
organized 

g) Receiving i n s t r u c t i o n s  
through audio-visual ,  
p r i n t e d ,  o r  o t h e r  s e l f -  
l ea rn ing  m a t e r i a l s  

h) Engaging i n  r o l e  p laying o r  
o t h e r  s t i m u l a t i o n  exe rc i se s  

i )  Working on l ab  assignments 
f o r  which you have designed 
the  procedures  



2 

The followinn i t ems  r e l a t e  t o  wavs i n  which your sc i ence  teacher  mav choose 
t o  work w ~ t h " ~ o u .  Please  check ;he blank b i e a c h  i tem which i s  m& 
r ep resen ta t ive  o f  what you th ink  happens f o r  you i n  t h i s  class.  
SA S t rong ly  agree-- th is  is t h e  way it is  almost a l l  t he  time f o r  me. 
A Agree--it is  l i k e  t h i s  some o f  t h e  time. 
U Undecided--1 don't  r e a l l y  know. - 
D Disagree--i t  i s  very  seldom l i k e  tha t .  
SD S t rong ly  disagree--I  d o n ' t  th ink i t  is  eve r  l i k e  t h a t  f o r  me. 

I ITEM 

I wrong answer given by us. 

s c i ence  t eache r  sometimes encourages us t o  
des ign our  own experiments i n  t h e  laboratory .  

I l e a r n  b e t t e r  when my c u r i o s i t y  i s  aroused 
before  a s u b j e c t  i s  s tudied.  I I 

- - 

vi) In  an i n v e s t i g a t i o n ,  I know from the  beginning 
the  s t e p s  I w i l l  perform. 

v i i )  I n  sc i ence  c l a s s  we sometimes d i s c u s s  ques t ions  
t o  which s c i e n t i s t s  do n o t  yet  know the  answers. 

v i i i )  1 am success fu l  i n  a laboratory  experiment i f  
my r e s u l t s  a re  s i m i l a r  t o  t h e  c l a s s  r e s u l t s .  

i x )  At t h e  end o f  an experiment, my sc i ence  t eache r  
analyzes  ou r  r e s u l t s  t o  he lp  us understand them. 

x) S c i e n t i f i c  journals  and r e fe rence  books a r e  
a v a i l a b l e  i n  t h e  l abora to ry  f o r  me t o  use 

/ while I perform my experiment. I 1  1 1 1  
xi] I My sc i ence  teacher  makes c l e a r  i n  advance a l l  1 1 1 1 1 

- I &e problems which might a r i s e  i n  t h e  perfor-  
mance o f  a laboratory  experiment. -.. I 1 . 1  1 1  

I 

x i i )  My sc i ence  t eache r  he lps  me t o  develop s k i l l  : 
i n  i n t e r p r e t i n g  data.  

u i i )  My t e a c h e r  expects  me t o  i d e n t i f y  the  assump- 
t i o n s  I  make when expla ining experiments o r  
t heo r i e s .  

x iv)  I perform experiments more s u c c e s s f u l l y  when my 
t e a c h e r  p r e s e n t s  an ove ra l l  explanat ion of  t h e  
sub jec t  t o  be  inves t igated.  

xv) My sc i ence  t eache r  accepts  any reasonable  
answer t h a t  I give. 



ITEM S A 

m i )  My sc ience  t eache r  forms hypotheses f o r  us I 1 when quest ions  a re  r a i s e d  by the  s tuden t s  
i n  c l a s s .  I 

x v i i )  My t eache r  a sks  us t o  prepare  the  equipment I needed f o r  l abora to ry  work. 

x v i i i )  In my sc ience .  c l a s s ,  I l ea rn  t o  make ca re fu l  
and r e l evan t  observations.  

x ix)  1 am not ab le  t o  t e s t  my own hypotheses i n  
the  laboratory .  

xx) We a r e  n o t  encouraged t o  f ind  our  own 
problems t o  work on i n  sc ience  c l a s s .  \ 

r e s u l t s  t h a t  d i f f e r  g r e a t l y  from what is 
expected. 

t h a t  we'have not  seen before  i n  t h e  
examination. 

3. Please  th ink  back on the  l a s t  two weeks of  your c l a s s  and descr ibe  b r i e f l y  
some o f  t h e  l ea rn ing  s i t u a t i o n s  you enjoyed most. 

4. What kind o f  r epu ta t ion  does your teacher  have? 

5. What kind o f  r epu ta t ion  would you most l i k e  him/her t o  have? 

6. A l l  i n  a l l  how would you say your t eache r  does i n  teaching? Would you say 
t h a t  he/she enjoys g r e a t  success,  some success ,  average success,  l e s s  than 
average success i n  h i s / h e r  teaching i n  t h i s  school? 



APPENDIX E 

Corresponding Items of ISTS instrument. 

Part E (Teacher Questionnaire) and 

Question 2 (Student ~uestionnaire) 
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APPENDIX F 

The Science Teaching Observation Schedule 

Coding Sheet 
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Table 18 

Appendix H: Choice D i s t r i b u t i o n  of the  junior  secondary 

sc ience  t e a c h e r s  responses t o  the  ISTS items 

Item No. S t rongly  Agree Undecided Disagree St rongly  
agree  d isagree  

'Items which a r e  favorable  toward inqu i ry  a r e  marked (+) 
before t h e  i tem number. 
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